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2 universal standard 
valvular replacement. 


+ Bjork-Shiley cardiac valve prosthesis, now in 

Ith year, is supported by a wealth of clinical 

lence that verifies the quality of its 

ormance. For an update on the experience 
over 125,000 mitral and aortic valves, 


ise contact your Shiley technical 
esentative or call: 


S » Shiley Laboratories, Inc. 
hile 17600 Gillette Avenue 
Irvine, California 92714 
(714) 979-0500 





or excellence in 
cardiopulmonary perfusion. 


Shiley oxygenators are designed to accomplish physi- 
ologic gas transfer while maintaining an absolute 
minimum of blood and gas contact. Gas to blood flow 
ratios as low as 0.3:1 and consistently lower than 1:1 are 
obtained by employing a Tegraglas* Sparger and an open 
cell sponge in the gas transfer column, creating a range 
of bubble sizes for highly efficient gas transfer (A). 


The Shiley venous side heat exchanger minimizes 


' -release of gas emboli into the blood during rewarming 


procedures by accomplishing heat transfer prior to com- 
plete oxygen saturation. Shiley's heat exchanger is the 
only integral unit available which employs a one piece 
aluminum coil with no water to blood seals. The coil is 
pressure tested to 120 PSI —a maximum water inlet 
pressure of 60 PSI is recommended (B). Other features 
of the Shiley S-100 design are the low priming volumes 


Shiley S-100 















The Leader in 
Thoracic Catheters E 
Presents = 


A New Measure 
of Safety in 
Chest Drainage 


A chest drainage system designed and 
manufactured with all the expertise and 
precision that make Argyle thoracic 
catheters Number One. Your patients 
deserve the increased protection of 
Argyle's built-in safeguards. Find out just 
how safe and simple chest drainage can 


be. Ask your Sherwood representative EN 
or write. ET 
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p After seven years and thousands of procedures, 
pee PROLENE suture continues to prove its clinically important 
. qualities and characteristics} Monofilament smoothness, 
Strength, pliability, knot security and resistance to 
fatigue-induced fracture. Inert PROLENE suture induces 
only a minimal tissue reaction and does not harbor bacteria. 3 
PROLENE suture retains i vivo tensile strength after 
.. prolonged implantation even in the presence of infection. 
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e 
JLENE* Pol SNe lene Nonabsorbable Surgical Suture WITH ATRALEASE* CONTROL RELEASE* Needle differs from U.S.P. only in needle attachment 1 
ts. INDICATIONS — PROLENE m E Suture may be used wherever a nonabsorbable surgical suture is recommended. CONTRAINDICATIONS — 
€ known. WARNINGS — ATRALE E CONTROL RELEASE needle sutures should not be resterilized by steam autoclave as it may affect needle pull-off. 
/CAUTIONS — As with other synthetic sutures, knot securit icm the standard surgical technic of flat a square ties, with additional throws if indicated by 4 
ical Circumstance and experience of the operator. ADVERSE REACTIONS — Transitory local inflammatard emi bana bee enw ndIcatec 
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You see twice as niuch. Your diagnoses are twice as sure. : 


"The Olympus Bronchofiberscope has been given an ingenious new set of optics and a fiber bundle with 
»uble the number of fibers. And that means ultimate resolution. Translation: your views are larger, brighter 
and sharper. Olympus famous one-hand control, light-weight compactness and 260° tip angulation add 
atiént comfort and easy insertion. See for yourself why most of the world's bronchoscopists use Olympus. 

» Olympus Corporation of America, Medical Instrument Division, 2 Nevada Drive, New Hyde Park, N.Y. 11040 
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gon tubing... : ee 
en assurance matters 


Tygon’ tubing 
is safety 
documented 


Tygon surgical tubing has been 
extensively tested and documented 
for biocompatibility ever since its 
inception. Testing that has earned it 
a Class VI rating, as set forth in the 
current U.S. Pharmacopoeia. 


To earn its Class VI rating, Tygon 
tubing passed severe tests established 
for medical plastics. Tygon was 

tested for acute toxicity, acute 
intracutaneous reactivity, acute and 
chronic intramuscular reactivity, 
pyrogenicity, subcutaneous tissue ° 
reaction, and neurological reaction. 

All tests were executed by a highly 
regarded independent laboratory. 


For your further assurance, Tygon 

tubing has also been tested beyond 

Class VI criteria. These tests were 

for ethylene oxide residue, for 

hemolysis, for in-vitro coronary 

perfusion, and for blood pressure y 
determination. Each production lot is 
quarantined and then thoroughly 

tested to meet our rigid requirements. è e cd 


This means Tygon surgical tubing, 
formulation number S-50-HL, can be 
used with complete confidence in 
critical procedures. 


Bulletin ST-400 contains further 
information and product criteria. 
Write today for your copy and the 
location of your nearest Tygon 
distributor. 
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for the Travenol TMO Membrane Oxygenatol 


Since the introduction ofthe Travenol TMO Membrane Oxyge- 
nator, surgeons have devoted significant effort to clinical 
7 evaluations of this gas exchange device used during cardio- 


= pulmonary bypass. Independent teams led by Berry and 


DeBakey reported that the TMO oxygenator produced less 
trauma to the blood than bubble oxygenators!? Solis 
credited it with better maintenance of platelet function$ 
According to the experience of Heimbecker et al, the unit 
contributed to lower levels of plasma hemoglobin during 
bypass and higher platelet survival rates. He also reported 
reductions in postoperative bleeding (chest drainage) and 
the need for banked blood’ Of major significance is the 
evidence submitted by Liddicoat et al verifying that the TMO 
oxygenator provided superior performance during cardio- 
pulmonary bypass when compared to bubble oxygenators5 
um The Travenol TMO Membrane Oxygenator provides 


these advantages at costs comparable to bubble oxygenato 
In addition, gas transfer across the membrane eliminat 
oxygenator-created microbubbles. This method of gas € 
change within the TMO Membrane Oxygenator more close 
resembles that of the normal human lung and will perr 
independent control of oxygen and carbon dioxide transfe 
The oxygenator is designed to operate at blood flow rat 
up to 6 liters per minute and, under standard test conditiow 
will transfer 300 ml of oxygen per minute. 

Copies of the previously mentioned papers and thc 
others listed pertaining to the TMO Membrane Oxygena 
are available upon request from your Travenol Cardiop 
monary Systems Specialist. 


The Travenol TMO Membrane Oxygenator is the unit formerly referred to 
as the Travenol MODULUNG-TEFLO Membrane Oxygenator 


aggregation. Circulation, Vol. 52, July 1975. 4. Heimbecker R.O.. McKenzie, F 

Wall. W., Robert, A., Barnicoat, K.T., and Gergely, N. Bloodless open heart surgery— 

blood sparing effect of a membrane oxygenator and an atraumatic circuit. Abstrac 

paper submitted to the Society of Thoracic Surgeons, 1976. 5. Liddicoat, J.E., Beka 

S M., Beall, A.C., Jr., Glaeser, D.H., and DeBakey, M.E. Membrane vs bubble oxygenam 
clinical comparison. Ann. Surg., Vol. 181, No. 5, May 1975 

Additional references on page 4 








DEERFIELD, ILLINOIS, US.A. 60015 
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Source: Graph constructed from data 
presented in reference No. 4. 
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TIONS 

enol TMO Membrane Oxygenator is indicated 
'xygenation of blood and the removal of carbon 
from it in an extracorporeal circuit during 
diopulmonary bypass at flow rates upto6 
inute at altitudes not in excess of 2400 feet 
sters) 


AINDICATIONS 

in of patients as candidates for oxygenation is 
medical responsibility and the Outcome is 

ant on many variables, including patient 

Jy and surgical and perfusion procedures 


NGS’ 

on of this oxygenator at elevated altitudes 

vn inadequate outlet partial pressure for total 
SURTOUT because of lower O; partial 

> differences across the membrane) Until 

ate modifications are made. use of this device 
es above 2400'feet (730 meters) is not 

ended 

ent& who are actively bleeding, medical 

it must be exercised in the use of the device 
Of oxygenation must be weighed against 

tal boy heparinizgtion Oxygen requirements 


sfer rates are influenced by many variables 
ərfusion . , 


mance you can count on 
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Venous Arterial Venous Arterial 
Bubble TMO 
Oxygenator Oxygenator 


Source: Graph constructed from data presented 
in reference No. 3. 
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Investigator Group A 
20 
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Blood Loss —first 24 hrs. (ml/kg/hr) 


Bubble TMO Bubble TMO 
Oxygenator ^— Oxygenator Oxygenator ^ Oxygenator 
Perfusion Time — 60 min Perfusion Time 60-90 min 
22 TMO cases 15 TMO cases 
23 Bubbler cases 16 Bubbler cases 


All cases w/o arterial filter 


Source: Graph constructed from data presented 
in reference No. 5. 


Use of blood suction devices must be limited where 
possible 


. 
PRECAUTIONS 
Adequate heparinization is essential If the oxygenator 
IS used in hyperbaric environments. both sides of the 
Oxygenator must be referenced to the same pressure 
The gas outlet port should remain Open and free of 
any obstructions 

Before using, refer to complete directions 
accompanying the product 
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Introducing the first thrombolytic agent 
for objectively diagnosed deep venous thrombi 
ond acute massive pulmonary emboli. 


Hoechst-Roussel Pharmaceuticals Inc. 


Announces 


Streptase — IM. 


Now... a new alternative to surgery. 





e avoids the risks associated with thrombectomy. 


e reduces the need for high-risk pulmonary 
embolectomy. 


Artist's conception of thrombolysis. 





' * To lyse venous thrombi and 
pulmonary emboli—intrave- 
nous Streptase’(streptokinase). 

, Anticoagulant therapy is given 
following Streptase to prevent 
rethrombosis. 


y Now physicians have available a 





medical therapy for the early clearance 
of deep venous thrombi that is prefer- 
able to thrombectomy because it may 
preserve valvular function and avoid 
chronic stasis, although long-term bene- 
fits have not been established. And 
acute massive pulmonary emboli may 
be cleared without high-risk embolec- 
tomy. 


A unique mode of action 
New Streptase is the highly puri- 

fied form of streptokinase, a bacterial 
protein derived from 8-hemolytic strep- 
tococci. It combines with plasminogen 
to form an activator complex that con- 
verts residual plasminogen into the 
proteolytic enzyme plasmin. Plasmin 

f hydrolyzes fibrin into polypeptides. 


High rate of clinical 
success demonstrated by 
angiography: 


In patients with venous thrombosis 





During 


In comparative controlled studies 
X. of 78 patients with venous thrombosis, 
Streptase produced complete or sig- 


nificant clearing of the thrombosis in 
54% of patients while only 7% on 
conventional heparin therapy showed 
similar results. 


In patients with pulmonary embolism 





In studies of 124 patients with pul- 
monary embolism, complete or signifi- 
cant clearing was seen in 66% of the 
patients on Streptase but in only 11% 
of the heparin-treated patients. 


Table | 
Comparative angiographic results during 
controlled investigations* 


Venous Thrombosis Pulmonary Embolism 




















Results Streptase Heparin Streptase Heparin 
(37 patients) | (41 patients) | (36 patients) | (88 patients) 
Complete : | : * E ! d u ] 
d ee 22% 5% 22% 5% 
s _ | | = i 
Significant, 




















but incomplete, 3296 296 4496 6% 
clearing 
Minima | eras e m 
inima 
clearing "idus dian 1 uw | ae 
No change 22% | 6696 1496 | 35% 
2 — -— + n — s 
Worse 3% 7% f 0% | 1196 
= = " - L 














In most cases, clearance was achieved in 72 hours or less. 


For best results, Streptase should be used within 2 weeks 


after onset of venous thrombosis symptoms and within 5 days 


after onset of pulmonary embolism symptoms. Please see 
last page of this advertisement for a brief summary of pre- 
scribing information. 


*Data on file and available on request from Hoechst-Roussel 


Pharmaceuticals Incorporated. Pulmonary embolism data 
include those taken from National Heart and Lung Institute 
study. 





Thrombosis and thrombolysis 
information available 


When considering the use 
of Streptase (streptokinase), 
comprehensive knowledge of 
prescribing information and 
strict observance of the contra- 
indications, warnings, precau- 
tions, and dosage and adminis- 
tration instructions are most im- 
portant to minimize the incidence 
and severity of adverse reac- 
tions, the most significant and 
frequent being fever, allergy 
and bleeding. Use of Streptase 
requires an interdisciplinary 
effort and therefore should be 
reserved for those hospitals with 
facilities for angiography, co- 
agulation testing and volumetric 
or syringe pump administration 
of Streptase intravenously. 

Hoechst-Roussel has pre- 
pared a comprehensive educa- 
tional program on thrombosis 
and thrombolysis that includes 
two films, associated mono- 
graphs, dosage and administra- 
tion guidelines and a Speakers 
Bureau of physicians experi- 
enced in the use of thrombolytic 
therapy. 

For information, interested 
physicians may contact Scientifiq 
Services, Room 236, Building M, 
Hoechst-Roussel Pharmaceutical 
Inc., Somerville, New Jersey | 
08876, (201) 685-2611, or the 
local Hoechst-Roussel Sales Rep- 
resentative. 

For a complete list of indi- 
cations, contraindications, warn 
ings, precautions, adverse re- 
actions and dosage information 
please refer to the full prescrib- 
ing information for Streptase, 

a summary of which appears or 
the following page. 


HOECHST-ROUSSEL 
PHARMACEUTICALS INCORPORATED 


SOMERVILLE, NEW JERSEY 08876 














Streptase’ 


(streptokinase) IV 


Brief Summary of the 
Prescribing Information 


Streptase® (streptokinase) should only be used 
by physicians with wide experience in the 
management of thrombotic disease in hospi- 
tals where the recommended clinical and lab- 
oratory monitoring can be performed. The full 
prescribing information should be read for 
complete details. 

When considering treatment with Streptase® 
(streptokinase) the overall clinical status and 
history of the patient should be Carefully as- 
sessed. The hemostatic capability of the pa- 
tient is more profoundly altered and bleeding 
more frequent with Streptase® (streptokinase) 
therapy than with heparin or oral coumarin 
compound anticoagulant therapy. When bleed- 
ing occurs it is also more severe and more dif- 
ficult to manage. The potential risk of serious 
hemorrhage relative to such factors as age, 
physical condition, and underlying bleeding 
tendency of the patient should be weighed 
against the potential benefits of treating the 
patient with Streptase® (streptokinase). 


Indications 


Pulmonary Embolism: Streptase® (strep- 
tokinase) is indicated in adults for the lysis of 
acute massive pulmonary emboli, defined as 
obstruction or significant filling defects involving 
two or more lobar pulmonary arteries or an 
equivalent amount of emboli in other vessels. 

It may also be indicated for embolization 
accompanied by unstable hemodynamics. The 
diagnosis should bé confirmed by objective 
means. Streptase® (streptokinase) treatment 
should be instituted as soon as possible after 
onset of symptoms and no later than five days 
after onset. Reduction of morbidity or mortality 
has not been established. 


Deep Vein Thrombosis: Streptase® (strepto- 
kinase) is indicated for lysis of acute, extensive 
thrombi of the deep veins in adults. Diagnosis 
should be confirmed by objective methods. 


Streptase® (streptokinase) should be adminis- 


tered as soon as possible after the onset of the 
thrombotic event (preferably within several 
days), although slight enhancement of clot lysis 
has been shown with initiation of therapy up to 
two weeks after the onset of symptoms. 


Contraindications 


Predisposition to Bleeding: Because thrombolyt- 


ic therapy increases the risk of bleeding, Strep- 
tase® (streptokinase) is contraindicated when 
the following conditions exist: surgery within 10 
days, liver or kidney biopsy Within 10 days, 
intraarterial diagnostic procedure within 10 
wdays, ulcerative wound, recent trauma, visceral 
carcinoma, parturition (within 10 days), ulcera- 
tive colitis or diverticulitis, hypertension, liver or 
kidney disease, thrombocytopenia or other evi- 
mdence of defective hemostasis, active tuber- 
zulosis, subacute bacterial endocarditis, gas- 
Mrointestinal bleeding within 6 months. 


Predisposition to Allergy: Streptase* (strep- 
wokinase) is contraindicated in patients with a 
iistory of a previous severe allergic reaction to 
Streptase® (streptokinase) or who present a 
significant risk of an allergic response. 


recent Cerebral Embolism, Thrombosis, or 
Jemorrhage: Treatment with Streptase" (strep- 
okirase) is contraindicated for at least two 
nonths. 


Predisposition to Systemic Infection: Use of 
Streptase® (streptokinase) in septic throm- 
bophlebitis may be hazardous because of the 
risk of inducing systemic infection. 

Warnings 


Bleeding: Activation of the fibrinolytic system 
with Streptase® (streptokinase) results in a 
more profound alteration of the hemostatic 
Status of the patient than does anticoagulant 
therapy. Although the aim of Streptase® 
(streptokinase) therapy is the production of 
sufficient amounts of plasmin for lysis of 
intravascular deposits of fibrin, other fibrin 
deposits are also destined for lysis and bleed- 
ing may result. The possibility of bruising or 
hematoma formation especially with 
intramuscular injections is high. 

Bleeding at sites of recent invasive proce- 
dures may occur. Should an arterial puncture 
be absolutely necessary, the femoral artery 
must be avoided and the radial or brachial ar- 
tery used. Also, invasive venous procedures 
should be performed as carefully and in- 
frequently as possible. If the bleeding from an 
invasive site is not serious, treatment may be 
continued with appropriate clinical observations. 

Spontaneous bleeding from internal sites may 
also occur. 

Should serious spontaneous bleeding occur, 
the infusion of Streptase® (streptokinase) 
should be terminated immediately. 

In addition to its fibrinolytic action, plasmin 
also degrades fibrinogen, Factor V, Factor VIII, 
and other proteins. These products possess an 
anticoagulant effect and should be monitored 
by serial thrombin time determinations. 


Predisposition to Cerebral Embolism: Treatment 
with Streptase® (streptokinase) of patients with 
conditions in which there is possible risk of 
cerebral embolism may be hazardous because 
of the risk of bleeding into the infarcted area. 


Allergy: Streptase® (streptokinase) is antigenic, 
thus, allergic reactions including anaphylaxis 
may occur. 

Recipients of Streptase® (streptokinase) 
should be observed carefully during the first few 
hours of therapy. Patients with known allergies 
to other antigens are more likely to react. If sig- 
nificant changes in blood pressure or asthmatic 
symptoms occur which might be due to allergy, 
the infusion should be terminated and symp- 
tomatic treatment employed. 

Other mild allergic manifestations have also 
been observed but generally are not serious 
enough to require discontinuation of therapy. 


Use of Anticoagulants: Concurrent use of an- 
ticoagulants with Streptase® (streptokinase) is 
not recommended and may be hazardous. A 
thrombin time of less than twice the normal 
control value is adequate for starting Streptase® 
(streptokinase) infusions safely following the use 
of heparin. Heparin should not be started fol- 
lowing Streptase® (streptokinase) therapy until 
the thrombin time has returned to less than 
{twice the normal control value. 

In order to minimize rethrombosis, the use of 
intravenous heparin followed by oral anticoagu- 
lant therapy is considered a necessary adjunct 
following Streptase® (streptokinase) therapy. 


Use in Pregnancy and in Children: Streptase® 
(streptokinase) therapy during pregnancy and in 
children is not recommended. 


Precautions 


If the patient's history gives rise to suspicion of 
elevated resistance, the streptokinase resistance 
test should be used to determine the proper 
loading dose. When resistance levels in excess 
of 1,000,000 I.U. are found, Streptase® (strep- 


tokinase) should not be administered. 
Streptase* (streptokinase) infusions have 

been associated with altered platelet function. 

Concurrent use of drugs that may potentiate 

this effect should be avoided. 

Adverse Reactions 


Incidence and Management 


Bleeding: Severe spontaneous bleeding has 
been documented in 6 of 292 patients during 
Streptase* (streptokinase) treatment. Several 
fatalities due to cerebral hemorrhage have oc- 
curred during Streptase® (streptokinase) 
therapy. Less severe spontaneous bleeding has 
been observed during Streptase® (strepto- 
kinase) treatment at approximately twice the 
frequency as that occurring during heparin 
therapy. In several instances, spontaneous 
bleeding has been traced to concomitant an- 
ticoagulant treatment which is not recom- 
mended. 

Management of Severe Bleeding: Streptase® 
(streptokinase) therapy must be discontinued. If 
very rapid reversal of the fibrinolytic state is re- 
quired, treatment with aminocaproic acid 
(EACA) can be instituted. 

Plasma volume expanders are indicated to 
replace blood volume deficit. If blood loss has 
been large, Red Blood Cells (Human) may also 
be indicated. If only Whole Blood (Human) is 
available, it may also be used. 


Allergic Reaction 


Incidence: Reactions determined to represent 
possible anaphylaxis have been observed in 7 
of 292 patients treated with Streptase® (strep- 
tokinase). These ranged in severity from minor 
breathing difficulty to bronchospasm, periorbital 
swelling, or angioneurotic edema. Other milder 
allergic effects have been observed in approx- 
imately 12% of patients. There was no apparent 
relationship to dosage. 

Management of Allergic Reactions: Mild and 
moderate reactions may be managed with con- 
comitant antihistamine and/or corticosteroid 
therapy. Severe allergic reactions require im- 
mediate discontinuation of Streptase® (strep- 
tokinase), with corticosteroids administered 
intravenously as required. 


Fever 


Incidence: One-third of patients treated with 
Streptase® (streptokinase) have shown in- 
creases in body temperature of 1.5°F or more: 
the incidence of fever=104°F was 3.4%. * e 
Management: Symptomatic treatment is usually 
sufficient to alleviate discomfort. The use of 
acetaminophen rather than aspirin is recom-  * 
mended. 


Phlebitis: Phlebitis near the site of intravenous 
infusion of Streptase® (streptokinase) has oc- 
curred in less than 2% of patients. 


How Supplied 

Streptase® (streptokinase) is supplied as a 
lyophilized white powder in 6.5 ml vials (in 
packages of 10) with color-coded labels corre- 
sponding to the amount of purified Streptase* 
(streptokinase) in each vial as follows: 100,000 


IU (yellow), 250,000 IU (green), 750,000 IU (blue). 


In each vial there is a 2096 overfill above that 
stated on the label. Each vial also contains 
25 mg cross-linked gelatin polypeptides ànd 
25 mg sodium L-glutamate as stabilizers. 
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" One of Holland’ greate 
. works of art came 
aman who couldnt dre 


astraight line. 


In 1902. Willem Einthoven created a masterpiece. 

And although it never hung in the Rijksmuseum, the 
Louvre or the Met, what the electrocardiograph did for 
human life was priceless all the same. 

Today, we Dutch are still very much involved with 
cardiac medicine. 

[n fact, at Vitatron, we've been responsible for more 
innovations in pacemakers and pacemaking systems than 
anyone else in the world. 

First to introduce a dual rate ventricular asynchronous 
pacemaker. 

First to make pacemakers with large radius, highly 
rounded edges for better biocompatibility and patient comfort. 

First to use current limited output circuitry for battery 
energy Conservation. 

First to make pacemakers suitable for waveform photo 
analysis. 

First to feature external pacing threshold analysis by 
radio frequency suppression. 

First to introduce externally controlled magnetic 
switching from on-demand to fixed mode stimulation. 

First to offer dual indicators of impending end-of- 
service-lifetime. 

First to provide greater safety margins by using the 
stimulus energy compensation principle during partial 
battery depletion. 

First to develop a comprehensive pacemaker 
function analyzer. 

First to introduce a simple, reliable connection com- 
patible with most electrodes, with or without adaptors. 

First to use battery by-pass diodes to extend service 
life and patient safety. 

First to make endocardial anchoring electrodes to 
reduce dislodgment problems. 

And. of course, our latest innovation, the Vitalith 
lithium powered pacemaker with the extraordinary service 
life of 12 years*. 

All of which prompts us to leave you with this closing 
thought: when a Dutchman talks about the art of pacing, 
he knows from where he speaks. 

If you'd like to learn more about Vitatron, or to receive 
our new Vitalith brochure, write Vitatron Medical, Inc., 

One Gateway Center, Newton, MA 02158. Vitatron Medical 
b.y., P.O. Box 76, Kanaalweg 24, Dieren, The Netherlands. 


*Ower 10 years’ service life expected under worst case conditions, 500 ohm load with 
1.0 millisecond pulse duration; over 15 years with 0.5 ms duration. 
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The open chest. 


Another opening 
for staph? 


ostoperative surgical infections 

alve replacement: a procedure that can at 

nce sustain life and predispose to infection. 
Ithough identification of the infectious 
rganism may be difficult, a delay in treatment 
ould result ininvasion of the endocardium. 

he implicated organism may be a penicillinase- 
roducing staph. Progression can be swift 

nd devastating. 


itial antistaph therapy: injection 

's vitally important that effective treatment of 
acterial invasion begin as soon as possible. 
you suspect the presence of staph and must 
egin therapy before definitive culture results 


re known, Injection Unipen® (nafcillin sodium) + 


is a particularly suitable agent. 


Appropriate specimens for bacteriologic 
studies to determine the causative organisms 
and their susceptibility to nafcillin should be 
taken prior to the first dose of antibiotic.t And, if 
those studies subsequently implicate organisms other 
than penicillinase-producing staphylococci sensitive 
to nafcillin, discontinue it and administer the appro- 
priate antibiotic. 


Rapid penetration 

Unipen appears rapidly in plasma following 
intramuscular administration. Penetrates body tissùes 
in high concentrations and diffuses well into pleural 
pericardial and synovial fluids. 
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"On call" capability 
Reconstitutes in less than 60 seconds. Remains 
stable for 24 hours t 


Follow-up therapy: oral DNMISOSEGNEANNBERO SCR 


Unipen (nafcillin sodium) is available in tablets, 
capsules, and oral solution as well as the parenteral U N | PEN 
form. The injectable form should be used initially 
in severe infections. And as soon as the clinical 
condition warrants, oral forms of Unipen allow you ( feill di ) 
to continue antistaph therapy with the same anti- 
biotic in a form more convenient to patients. na i in SO ium 
as the monohydrate, buffered, Wyeth 


»* Nafcillin-susceptible penicillinase-producing staphylococci. Wyeth Laboratories 
T See Important Note on next page. Philadelphia, Pa.19101 
+See important information under Parenteral Administra- 
See important information on next page. t 


tion on next page. 
TM 


Unipen 
(nafcillin sodium) 


AS THE MONOHYDRATE, BUFFERED, WYETH 


Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing Susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
"susceptible" indicates that the infecting organism is likely to 
respond to therapy. A report of “resistant” indicates that the infect- 
ing organism is not likely to respond to therapy. A report of "inter- 
mediate susceptibility" suggests that the organism would be 
susceptible if high dosage is used, or if the infection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol., 
45:493, 1966; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 

Indications: Although the principal indication for Unipen is in the 
treatment of infections due to penicillinase-producing staphylococci, 
it may be used to initiate therapy in such patients in whom a staphy- 
lococcal infection is suspected. (See Important Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to Unipen should be performed. 

In serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
the choice of Unipen should take into consideration the fact that 
it has been shown to be effective only in the treatment of infections 
caused by pneumococci, Group A beta-hemolytic streptococci and 
penicillin G-resistant and penicillin G-sensitive staphylococci. If the 
bacteriology report later indicates the infection is due to an organism 
other than a penicillin G-resistant staphylococcus sensitive to 
Unipen, the physician is advised to continue therapy with a drug 
other than Unipen or any other penicillinase-resistant semi- 
synthetic penicillin. 

Recent studies have reported that the percentage of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
Suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of Unipen against penicillin G-resistant staphylococci. 
Strains of staphylococci resistant to methicillin have existed in 
nature and it is known that the number of these strains reported has 
been increasing. Such strains of staphylococci have been capable of 
producing serious disease, in some instances resulting in fatality. 
Because of this there is concern that widespread use of the peni- 
cillinase-resistant penicillins may result in the appearance of an 
increasing number of staphylococcal strains which are resistant to 
these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hyprsensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of Unipen (nafcillin sodium) 
therapy considered. The usual agents (antihistamines, pressor 
amines, corticosteroids) should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ-system function, including renal, hepatic and hematopoietic, 
Should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to Unipen have been infrequent and 
mild in nature. As with other penicillins, the possibility of an anaphy- 
lactic reaction or serum sickness-like reactions should be considered. 
A careful history should be taken. Patients with histories of hay 
fever, asthma, urticaria, or previous sensitivity to penicillin are more 
likely to react adversely. 

The few reactions associated with the intramuscular use of Unipen 
have been skin rash, pruritus, and possible drug fever. As with 
other penicillins, reactions from oral use of the drug have included 
nausea, vomiting, diarrhea, urticaria, and pruritus. 

Parenteral Administration: It is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 ml. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on Unipen at concentrations of 2 mg/ml and 
30 mg/ml in the following intravenous solutions indicate the drug 
will lose less than 1097 activity at room temperature (70? F.) during 
the time period stipulated: 


Isotonic sodium chloride... 24 hours 
5% dextrose in water... 24 hours 
5% dextrose in 0.4% 

sodium chloride solution. ............ 24 hours 
Ringer's solution... 24 hours 
M/6 sodium lactate solution 

(conc. of 30 mg/m)... s L. 24 hours 


Only those solutions listed above should be used for the intra- 
venous infusion of Unipen. The concentration of the antibiotic should 
fall within the range of 2 to 30 mg/ml. The drug concentrate and the 
rate and volume of the infusion should be adjusted so that the total 
dose of Unipen is administered before the drug loses its stability 
in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2°-8° C.) and use within 
7 days or keep at room temperature (25° C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral Unipen. 

After mixing, the oral solution must be stored in a refrigerator. 
Discard any unused portion after one week. 

Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg., 
l gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vide, respectively, 2-, 4- or 8-ml. of nafcillin sodium solution 
equivalent per m/. to 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Film-coated TABLETS— containing nafcillin sodium as the 
monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
carbonate. CAPSULES — containing nafcillin sodium, as the mono- 
hydrate, equivalent to 250 mg. nafcillin buffered with calcium car- 
bonate. FOR ORAL SOLUTION Bottle of dry nafcillin sodium as 
monohydrate—powder for reconstitution to provide 100 ml. of 
solution containing nafcillin sodium equivalent to 250 mg. nafcillin 
per 5 ml. WYETH LABORATORIES PHILADELPHIA, PA. 


"How ARCO Medical Products Compan 
is improving the predictability of 


Cardiac pacing. 


—an open letter to physicians an 
other members of the medical 

community from Page Thompsor 
President, ARCO Medical Produc 








‘RCO Medical Products Company, = Realistic, ‘no-nonsense’ product 
subsidiary of Atlantic Richfield guarantees 

ympany—the 12th largest cor- 

rate entity in the United States, | To understand how it all began 


own principally for its chemical, look back to the early 1960s. Our 
troleum and mineral operations people were then encapsulating 

S NOW emerging as a leader in nuclear materials used in the naval 
> highly specialized field of nuclear submarine program and the 
"diac pacemaker systems. And Apollo Space program. As a result 

' would like you to be sure that Of this experience, we were 

are are substantial benefits awarded the first AEC contract for 


zruing to you and your patients the encapsulation of nuclear 
e to our solid and rapidly growing material to be implanted in the 
sition in this field. 


' highlight a few of the benefits 
you we d like to call your 
2ntion to the fact that 

CO Medical Products Company 
N provides: 


ulse generators substantially 
nproved in predictability 


lithium thionyl chloride power 
ource with highly desirable 
Naracteristics 


ignificantly increased research 
1d development to provide im- 
roved and new products in the 
2ar future 


responsible attitude toward 
lling whereby we will not offer 
ir sale what we cannot deliver— 
ithin 48 hours—anywhere in 

e free world 








human body. That was the begin- 
ning of the first nuclear-powered 
pulse generator. 


“The precision and expertise put 

into the manufacture of those first * e 
nuclear-powered units is apparent 

when you see they have been 
functioning effectively for ten 

years, with a long life expectancy 

still ahead of them. 


“The nuclear experience evolved 
into the development of pacemaker 
technology that utilized the nuclear- 
precise production and quality 
assurance techniques perfected 
when working on the AEC contract. 


“ARCO Medical Products Company 
helped develop the advanced and, 
exclusive lithium thionyl chloride 
power cell, which does not build up 
internal pressure. ARCO Medical 


Products Company developed the 
triple encapsulation process which 
virtually solved the problem of 
invasion and migration of moisture 
e within the generators. 

ARCO Medical Products Company 
developed both a component and 
a total unit ‘burn-in’ process which 
virtually eliminates initial failures. 
In these ways, and in many others, 
ARCO Medical Products Company 
has succeeded in significantly 


QU LN. fet 





improving the predictability of the supported by a ‘no-nonsense’ "Be involved. Take a stand by 
pulse generator. product guarantee. In essence: communicating your thoughts to 
us. Whatever your concerns may 


"We are a concerned company, 


and this concern has led us to a 1. In the event an ARCOIith™ be regarding our products, our 


27 ulse generator becomes business philosophy, or your 
Commitment that no other pulse epee hopes for the future of pacemaker 
nerator company matches: defective for any reason up to | 
generator company matches. ! ! ~ technology, we would like to hear 
improved pulse aenerators and including 60 days follow l 
p p g ing implant, ARCO Medical from you. Kindly use the form on 
Products Company will furnish the following page to jot down yot 
a replacement pulse generator thoughts and mail them to me. It w. 
at no charge and pay all be a pleasure to share your ideas. 


surgical and hospital costs as —— 
established by third-party Va, eo ^ 
insurance company pay e eo 
schedules* 


2. In the event an ARCOlith pulse 

generator becomes defective 

for any reason after 60 days 
à following implant up to the end 
of the warranty period* ARCO 
Medical Products Company 
will furnish a replacement 
pulse generator at no charge 
and pay up to a total of $200 
for Su rgical and hospital costs *Refer to warranty for complete details. " 


over third-party insurance | 
* ARCOlith™ 12, 6, and 4 are now the trade names for pul 
company pay schedules: generator models LI-2, LI-4 and LI-3. . 


Wed like to hear from you. 


ARCO Medical Products Company 
invites you to communicate your 
thoughts regarding implantable 
pulse generators or manufacturer- 
physician relationships. 


Get involved. Take a stand. Tell us Page Thompson, President 


what's on your mind so we canbe = ARCO/Medical Products Company 
of better service to you and your Subsidiary of AtlanticRichfieldCompany 


: . 1500 Market Street 
patients in the future: Philadelphia, PA 19101 


ERE 


Name 
CNN RR 


Address 





City 
uunc MN 








State Zip 
ARCO/Medical Products Company  4* 


Improving the predictability of cardiac pacing 


Corporate Headquarters Technical Center Operations 

1500 Market Street 101 Sherman Avenue P O. Box 546 
Philadelphia, PA 19101 Vandergrift, PA 15690 Leechburg, PA 15656 
(215) 557-2000 (412) 568-3663 (412) 845-8111 
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TRIBUTE 


Thomas Hannahan Burford, 


Lyman A. Brewer III, M.D. 


On May 17, 1977, Thomas H. Burford, M.D., 
died at the age of 69 years in St. Louis. On that 
day thoracic surgery lost an outstanding pioneer 
surgeon and The Society of Thoracic Surgeons 
mourned a distinguished founder, who served 
not only as one of its original architects, but who 
also became its first vice president and second 
president. 

Born of pioneer stock in New Franklin, central 
Missouri, Tom Burford was fortunate to spend 


much of his early life hunting and fishing in the . 


woods and streams of Howard County, close to 
the Missouri river. There he developed inde- 
pendence and a rugged self-reliance that stood. 
him in good stead as he pioneered the challeng- 
ing and rapidly developing field of thoracic and 
cardiovascular surgery. 

e Following high school he continued his edu- 
cation at the University of Missouri in Colum- 
bia. His excellent scholastic record won for him 
a place:at Yale University School of Medicine, 
from which he graduated in 1936.. While Tom 
was still a medical student, his inquiring mind 
took him to the laboratories of Edgar Allen, 
where he turned out some excellent papers por- 
tending a future academic career. 

After a year's internship at 5t. Louis Univer- 
sity Hospitals, young Dr. Burford came to Wash- 
ington University, where he served at Barnes 
Hospital under the brilliant and never-failing 
guidance of Dr. Evarts A. Graham, a giant in 
thoracic surgery who was one of the first sur- 
geons in the United States to realize the impor- 
tance of chemistry and physiology in surgery. 
Dr. Graham, although no church-goer, was 
motivated by the puritan ethic of honesty, hard 
work, service to his fellow man, and academic 
excellence. Dr. Graham stressed total devotion 
to the patient; he also firmly believed that he had 
been placed on this earth to train and mold 
young men in his image, and in that he rarely, if 
ever, failed. Dr. Graham had assembled an out- 
standing surgical staff at Washington Univer- 


Address reprint requests to Dr. Brewer, Brewer Medical 
Foundation, 225 Grand Ave, South Pasadena, CA 91030. 
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sity: Drs. Womack and Elman in general 
surgery, Saxe and Furlow in neurosurgery, Blair 
and Brown in plastic surgery, Caulk and Patton 
in urology, and Key in orthopedics. The influ- 
ence of these leaders in their own specialties on 
the surgical residents was incalculable. 

Upon his completion of three years of general 
surgery, Dr. Burford spent two years as first 
resident surgeon on the newly formed residency 
in thoracic surgery at Washington University 
under the guidance of Dr. Graham and Dr. Brian 
Blades. Soon after the Japanese attack on Pearl 
Harbor, reserve medical units were called to ac- 


tive duty, and Thomas Burford was sent to Fort ` 


Benning as the thoracic surgeon of the 21st 
General Hospital, the Washington University- 
affiliated unit. Through the efforts of Dr. 


" Graham, Chairman of the National Research 


Council, two auxiliary surgical groups were 
formed. Dr. Graham had the foresight to inciude 


thoracic surgical teams at a time when there was 


still a strong belief among the regular army offi- 
cers of the United States Army Medical Corps 
(USAMC) that thoracic surgery was principally 
concerned with the evacuation of pus from the 
chest and really belonged to the section of "sep- 
tic surgery." 

Dr. Burford was transferred to head a thoracic 
surgical team in the 2nd Auxiliary Surgical 
Group, which was then forming at Lawson Gen- 
eral Hospital in Atlanta. This unit, which con- 
sisted of teams representing the various surgical 
specialties, had been organized to supply spe- 
cial surgical services to Army. hospitals in an 
overseas theater of war. The group sailed for 
Casablanca in February, 1943. In Africa the de- 
bate about the place of thoracic surgery con- 
tinued. Finally, after months of sometimes 
heated discussions, permission was gained in 
July, 1943, to establish a chest center on a trial 
basis. The center was set up on an arid plain 
outside of Bizerte, Tunisia, under the direction 
of Drs. Thomas H. Burford, Paul C. Samson, and 


myself. There, with at first the doubts and then ` 


the support of Col. Edwin C. Churchill. Profes- 
sor of Surgery at Harvard Medical School and 
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consultant in surgery for the Mediterranean 
Theatre, the first chest center in the armed forces 
became a reality. 

The great improvement in patient care deliv- 
ered by specially trained thoracic surgeons and 
the new methods that were developed at this 
hospital proved to the Medical Corps the value 
of such a center. From it came the first important 
contributions to the treatment of war wounds in 
World War II. The physiological approach to the 
management of war wounds of the chest was 
refined and extended to encompass manage- 
ment of all types of thoracic wounds: chest wall, 
pleura, lungs (especially "wet lung of trauma," 
now known as posttraumatic respiratory insuf- 


ficiency), and cardiac and mediastinal injuries. | 


The early wide application of these newly de- 
veloped policies, which were also based on cer- 
tain studies at the forward hospitals in Italy, led 
to the Mediterranean Theatre of Operations 
achieving the best results in handling thoracic 
casualties of any theater in the Medical Corps. 
Subsequently, Thomas Burford and I collabo- 
rated to write the chapters on forward and base 
section overseas management of war wounds 
of the chest as the official history of thoracic 
surgery of the USAMC in World War IL. 
These volumes, published in 1963 and 1965, 
were used extensively as guidelines in the treat- 
ment of chest injuries in the Vietnam conflict. 
Following the war, Dr. Burford returned to the 
Chest Service of Washington University and 
Barnes Hospital. Upon Dr. Graham’s retirement 
in 1951, Dr. Burford took charge of the Division 
of Thoracic and Cardiovascular Surgery. This 
began a period of intensive teaching of residents 
in thoracic surgery, which became his major 
interest. Because of the reputation of the service, 
there was a wealth of teaching material. To con- 
tinue the Graham tradition, a chief was needed 
who would insist on perfection in all aspects of 
surgery, academic excellence, urfflagging pur- 
suit of knowledge in the field, and compassion 
for and understanding of the patient. Dr. Bur- 
ford left no stone unturned to ensure that all his 
residents were invested with these ideals. In 
fact, the outstanding success of the men trained 
. by him, some of whom are now professors of 
thoracic surgery in university centers, testifies 
to his talents as a teacher and leader. With 
.imagination and hard work, he kept abreast 


of the explosive developments in thoracic sur- 
gery during the seventeen years that he served 
as chief of the service. His restless intellectual 
inquisitiveness led him to make major contri- 
butions to the surgical literature in more than 
100 published articles. 

As a leader in thoracic surgery, Dr. Burford 
served on national committees and councils and 
held important positions in several surgical 
societies. From his devotion to the ideal that 
thoracic surgery is a true specialty and not just a 
part of general surgery, he strongly believed in 
the need for a national organization to provide a 
forum for and enhance the development and 
education of practicing thoracic surgeons. Such 
an organization would complement the senior 
thoracic society, The American Association for 
Thoracic Surgery. Dr. Burford will be remem- 
bered with pride and affection by members of 
The Society of Thoracic Surgeons for his in- 


spired leadership in the early sessions that pre- - 


ceded the actual founding of this Society in 1964 . 
His ideal and dream, as we all know, have been 
eminently successful. Thus, we owe a great debt 
of gratitude to Thomas Burford. In 1970 he was 
elected president of The American Association 
for Thoracic Surgery, a position he occupied 
with distinction. In all of the organizations in 
which he served, his clear thinking and sound 
judgment made him indispensable. 

Yet, with all of his dazzling achievement in 
thoracic surgery, Thomas Burford was very in- 
volved with his family, spending much time 
with them in their country home and inculcating 
his son with the same love of hunting and fish- 
ing which he himself had developed as a boy in 
rural Missouri. The compassion for his family 
was mirrored in his care of patients and his 
regard for trainees. Because of his strict disci- 
pline on the service, there were times when his 
residents were not sure of their standing, but 
eventually they realized his affection for them, 
which they reciprocated in founding the Bur- 
ford Society. 

His trainees and friends have all counted 
themselves fortunate to have known such a 
wonderful free spirit. Thomas Burford’s death 
has been a great personal loss for many. Thoracic 
surgery owes much to the contributions of this 
pioneer and true believer in surgical excellence 
in our specialty. 
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"EDITORIAL 


Consultative Peer Review 


Benson B. Roe, M.D.,* and Franklyn P. Gerard, M.D. 


In 1972 the Bennett Amendment to the Medicare 
law was passed, and with it a new phrase, “peer 
review," entered our professional realm. Both 
before and since the introduction of that law, 
judgment in matters pertaining to the proper 
practice of medicine and surgery has rested with 
local committees. It has frequently been pointed 
out, however, that local review is inadequate, 
fraught with subjective aspects and soured by 
acrimonious encounter. Lack of expert authority 
and national perspective has often led to unfair 
decisions by local committees. The result of 
these shortcomings has been reluctance to con- 
duct appropriate reviews when they were indi- 
cated. 

To address this responsibility in the area of 
thoracic surgery, The Society of Thoracic Sur- 
geons has again taken initiative to provide its 
services on a national basis. In what is consid- 
ered to be an important recognition of public 
responsibility by a professional organization— 
to take an active role in the application of prac- 
tice quality—the Council of The Society of 
Thoracic Surgeons directed the Committee on 
Standards and Ethics to provide authoritative 
consultative peer review on request. 

This willingness to become involved in local 
proceedings represents a bold step that recog- 
nizes the necessity for a tangible mechanism to 
implement the standards which the Society has 
promoted. Mindful of the legal hazards, de- 
mands of time, economic sacrifice, and mental 
anguish that this type of review entails, the 
committee has deliberately developed a proce- 
dure for providing specialist teams to investi- 
gate professional competence and compliance 
with standards. 

As currently conceived, the committee will 
not initiate the peer review process, nor will it 
have any involvement in the implementation of 
its recommendations. Investigations and re- 
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views will be undertaken without regard to 
whether those involved are members of the 5o- 
ciety, and no disciplinary action against its 
members is to be considered by the Society over 
matters arising from these investigations. When 
disputes arise within hospital staffs or com- 
munities over the assessment, application, or 
interpretation of practice standards in thoracic 
surgery, the Society will respond to a request for 
an objective opinion. 

An inspection team of two or more experi- 
enced members of the Society (at least one of 
whom will be a member of the Standards and 
Ethics Committee) will be sent to conduct a care- 
ful inspection of records, conditions, and other 
circumstances germane to the dispute. After 
completing its review, the inspection team will 
submit a comprehensive report of its findings to 
the entire Standards and Ethics Committee. The 
chairman will then convey to the inspected hos- 
pital, surgeons, or both the consensus of opin- 
ion and recommendation of the entire commit- 
tee. This consultative report will be confidential 
to the principals, who will be at liberty to utilize 
it as they desire. No effort will be made by the 
Society to intervene in decisions or actions aris- 
ing from the report, but it is expected that mem- 
bers of the inspection team will be prepared to 
testify, if necessary, in support of their observa- 
tions and judgments. Without the availability of : 
such testimony, the value of the report could be 
rendered worthless in any court proceeaings 
that might result from action relating to the re- 
port. d 

It has now been established that hospital 
boards of directors are legally responsible for the 
quality of medical care administered in their 
institutions. The expected result of this action 
will be the application of tighter restricticns on 
hospital privileges. Inevitably, disputes will 
arise from these restrictions, and external opin- 
ions will be helpful in their resolution. Hospital ` 
administrators, chiefs of staff, chiefs of service, 
and other practicing physicians may become 
concerned about the quality or propriety of 
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thoracic surgical care rendered by individuals. 
Similarly, they may be concerned about the ade- 
quacy of local facilities and personnel to support 
the kind of operations being performed in a 
given hospital. When resolution of these con- 
cerns involves apparent restraint of competition 
or practice opportunities, it is more likely to be 
acceptable if based on outside opinion. 

The Society and its delegated reviewers will 


be aided by expert legal advice, and a legal in- 
strument has been prepared to protect inves- 
tigators against litigation. Indemnification, 
travel expenses, and stipend for investigators 
are to be provided by the institution requesting 
investigation. It is hoped that the membership 
of the Society will cooperate in supporting this 
endeavor and will serve on investigative teams 
when asked to do so. 
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The Importance of Mediastinal Lymph 
Node Invasion by Pulmonary Carcinoma 
in Selection of Patients for Resection 


R. Abbey Smith, F.R.C.5. 


ABSTRACT 
patients operated on between January 1, 1964, and 
December 30, 1969, were analyzed in March, 1976. 
This period was chosen to allow a five-year follow- 


Resection results from 417 consecutive 


up. The results of resection in 56 patients with in- 
vaded mediastinal nodes are reported. Mediastinos- 
copy to assess resectability was not used for any ofthe 
417 patients. 

Ourlow incidence of mediastinal node invasion (56 
out of 417, or 13.4%), a resectability rate of 97.4%, and 
a hospital mortality of 2.896 for resection of advanced 
carcinoma suggest that routine mediastinoscopy prior 
to resection is not necessary. Traditional methods of 
preoperative assessment and the use, when indi- 


, cated, of extended resection for patients with medias- 


tinal node invasion result in worthwhile salvage of 
patients with invaded mediastinal nodes. 


It has been recognized for at least thirty years 
that the prognosis after resection of lung car- 
cinoma is poor when regional lymph nodes are 
invaded [19]. In 1949 Mason [7] reviewing 202 
pneumonectomies, noted a worse prognosis and 
advocated radiation therapy after resection 
when nodes were invaded. 

Since the description of mediastinoscopy by 
Carlens [2] and the work of Nohl-Oser [9], Paul- 
son and Urschel [12], and Pearson [13, 14], 
among others, the significance of regional 
lymph node involvement has altered. Until 
about 1964 a worse prognosis was accepted as 
inevitable if nodes were involved, although this 
did not contraindicate exploration. Now, infor- 
mation derived from mediastinoscopy influ- 
ences some surgeons in the decision on whether 
thoracotomy should be undertaken and, if in- 
vaded mediastinal nodes are confirmed by 
frozen-section examination at the time of 
thoracotomy, on whether resection should be 
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performed, even when resection is technically 
possible. I present our results with the purpose 
of discouraging the use of routine mediastinos- 
copy before operating on a patient.with lung 
carcinoma, although I accept the occasional 


|. value of the procedure. 


The clinical material in reports from surgical 
centers is in many instances not comparable. It is 
clear that methods of referring patients for a 
surgical opinion vary in different countries. In 
Britain it is unusual for patients to be referred 
directly to the thoracic surgeon. Many patients 
with advanced carcinoma will not be referred 
following complete investigation by a chest 
physician. In Britain the surgeon's opinion is 
usually obtained only for patients with presum- 
ably operable tumors. The practice of attempting 
a tissue diagnosis (possibly obtainable only by 
mediastinoscopy) before operation also varies 
from country to country. 

The difference in prognosis between invasion 
of a mediastinal as opposed to a hilar node is 
apparent. Scannell [17] asks, "Where is the 
mythical boundary between the mediastinum 
and the hilum of the lung?" Unless this bound- 
ary is clearly defined, patients may finally be 
rejected for a potentially curative operation sole- 
ly because of the location of the invaded re- 
gional node, and their condition may be 
categorized under the ill-conceived and mis- 
leading description “mediastinoscopy posi- 
tive." Reports of long-term survival after resec- 
tion in patients with node invasion are too 
numerous to mention. One argument used to 
sustain our objection to routine mediastinos- 
copy is that out of 750 potential ten-year sur- 
vivors who had resection before December, 
1965, 120 patients (16.096) survived this period, 
36 (30.0%) of whom had invasion of lymph 
nodes at the time of resection. Information on 
the exact site, level, and type of nodal invasion 
in these 120 patients is insufficiently accurate to 
relate to mediastinoscopy findings. 


6 The Annals of Thoracic Surgery Vol 25 No 1 January 1978 s 


In the present study, nodes considered at op- 
eration to be mediastinal in location were re- 
moved and sent separately from the lung speci- 
men for histopathological study. 


Preoperative Assessment and Extent of 
Operation 

No patient considered operable was subjected to 
mediastinoscopy. All radiographs taken prior to 
the patient’s referral were obtained, examined, 
and compared with current films. Patients were 
hospitalized for periods of up to two weeks 
for respiratory function assessment, physio- 
therapy, and preparation for operation. Thor- 
ough examination of each supraclavicular fossa 


for palpable nodes was made first at referral,. 


later at the time of admission to the hospital, and 
again when the patient was anesthetized for 
bronchoscopy. Two-plane radiographs and 
2-plane tomograms were obtained when con- 
sidered necessary. The findings at bronchos- 
copy (performed with a rigid bronchoscope) 
were correlated with other evidence of medias- 
tinal node involvement. Fluoroscopic examina- 
tion of the chest wall, lungs, and diaphragm was 
undertaken. Other methods of assessing resec- 
tability were not routinely used. The chance of 
cure by operation was offered to each patient if 
no clear contraindications were revealed by 
these methods. 

The types of resection used were those de- 
fined by Chamberlain et al [3]. "Standard" resec- 
tion involved the removal of only the lung or 
lobe along with regional nodes. "Extended" re- 
section involved in addition the removal of a 
structure adjacent to the lung because of inva- 
sion by carcinoma in order to achieve total ma- 
croscopical remcval of the tumor. These adjacent 
structures in our patients included, in approxi- 
mate order of frequency, the pericardium, the 
atrial wall, a portion of the trachea, the chest 
wall, the diaphragm, part of thé superior vena 
caval wall (4 patients), the muscle wall of the 
esophagus (3 patients), and the superior vena 
cava (1 patient). When intrapericardial resection 
was employed to simplify ligation of the hilar 
vessels (as opposed to its use when the pericar- 
dium or atrium was infiltrated), the resection 
was, by definition, not regarded as extended. 
Chamberlain and colleagues [3] defined a resec- 
tion as noncurative when inaccessible car- 


cinoma remained in the mediastinum at the con- 
clusion of resection. 

All resections were carried out with the pa- 
tient lying prone on the operating table. As 
complete a dissection of lymph nodes as possi- 
ble was carried out in every patient with inva- 
sion of hilar or mediastinal nodes. Postresection 
radiation therapy was not used. Mustine (total 
60.0 mg) was given intrapleurally and intrave- 
nously to 52 patients in 1965. No other adjunct 
such as immunostimulants was used. 

Apart from our philosophy of resecting 
whenever exploration is undertaken, our high 
incidence of noncurative resections may be ex- 
plained by the difficulty, until the dissection is 
far advanced, of deciding whether removal can 
or cannot be complete. Many patients in the 
extended resection group appeared at the start of 
the hilar dissection to have nonresectable dis- 
ease; but by using a wide intrapericardial expo- 
sure, total macroscopic removal (with real 
possibility of cure) was achieved in some. If at- 


tempts at resection are continued to these limits, 


occasional noncurative resections are inevitable. 


Clinical Material 


Among 428 consecutive explorations, some form 
of resection was performed on 417 patients with 
primary lung carcinoma. The resection was 
abandoned in only 2 patients because of node 
invasion. Type of resection (lobectomy included 
sleeve and segmental resection), node involve- 
ment, and histological findings are shown in 
Tables 1 and 2. These 417 patients included 145 
patients (34.7%) in whom the tumor was con- 
sidered advanced (Table 3). Closure without re- 
section might have been a justifiable method of 
treatment. Our results from resection for ad- 
vanced lesions give some indication of the ben- 
efit of maintaining a high resectability rate. 


The distribution by cell type and sex of the 145 . 


patients with advanced tumors is similar to that 
in the entire series. Differences include a lower 
mean age at the time of resection and a marked 
preponderance of pneumonectomies compared 
with the use of pneumonectomy in the entire 
series. 

The incidence of mediastinal node involve- 
ment in this study is low in comparison with 
Paulson and Reisch's study [11] of 397 patients 
(Table 4). One explanation for the difference in 
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Table 1. Type of Resection and Node Invasion in 417 Consecutive 
Resections from January, 1964, to December, 1969? 





No. of Patients 





Nodes Lobectomy Pneumonectomy Total Resected 
Negative 152 92 244 (58.596) 
Positive 52 121 173 (41.596) 





Total 204 (48.996) 213 (51.196) 417 


aMale patients, 367 (88.096); mean age at time of resection, 58.6 years; hospital mortality after resection, 27 (6.5%). 


Table 2. Type of Resection and Histology in 417 Consecutive 
Resections from January, 1964, to December, 1969 





Operation 
Histological Finding Lobectomy Pneumonectomy Total Resected 
Squamous cell carcinoma 128 135 263 (63.0%) 
Oat cell carcinoma 15 30 45 (10.896) 
Undifferentiated carcinoma 38 40 78 (18.796) 
Adenocarcinoma 20 5 25 (6.096) 
Other or unspecified 3 3 6 (1.596) 


Table 3. 145 Resections on Patients with Advanced Carcinoma from January, 1964, to December, 1969? 


Survival 
Node Involvement No. of Two-Year Five-Year 
and Procedure Patients Postresection Postresection 
Mediastinal nodes invaded 56 23 (41.1%) 16 (28.5%) 
Extended resection, mediastinal 52 17 (32.696) 11 (21.296) 

nodes not invaded 
Noncurative resection 37 4 (10.896) 2 (5.4% 
Total 145 44 29 
+ 


*Pneumonectomies, 114 (78.6%); lobectomies, 31 (21.4%); mean age, 51.9 years; hospital deaths, 4 (2.8%). 


Table 4. Comparison of Stage of Node Invasion 


Total with 
Total Total with Mediastinal 
Studies Period Patients Node Invasion Node Invasion 
Paulson and Reisch [11] 1960-1969 397 144 (36.3%) 90 (22.5%) 
(their Table 4) 
Present series 1964-1969 417 173 (41.5%) 56 (13.4%) 


(Tables 1 and 3) 
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Table 5. Details on 16 Patients with Invaded Mediastinal Nodes Surviving at Least 5 Years 





Type of No. Surviving More 
Resection Than 5 Years 
Standard 9 


Extended 7 


No. Dying More Than 
5 Years After Resection 


1 (cor pulmonale) 


No. Alive with Carcinoma 
More Than 5 Years 
After Resection 


2 (second primary at 12 yr; 
epithelioma of chest wall 
at 11 yr) 


2 (mediastinal extension of 


carcinoma at 8 and 7 yr 
after resection) 


Celltype: squamous cell, 10 (62.5%); large cell undifferentiated, 4 (25%); 


oat cell, 2 (12.596) 


Type of node invasion: intranodal, 15; perinodal, 1 
Type of resection: pneumonectomy, 15 (94.8%); lobectomy, 1 


Mean age: 55.3 years 


mediastinal node invasion is that we may have 
underestimated the incidence; the discrepancy 
is not owing to our operating on less advanced 
cases or to differences in cell type between the 
two series. The 56 patients with invaded 
mediastinal.nodes were those with the most ex- 
tensive node invasion and are correctly de- 
scribed as having mediastinal node invasion. In 
only 8 patients were the invaded nodes situated 
at high or midparatracheal level. 


Results | 

The results of resection are shown in Tables 3 
and 5. No patient. with invaded mediastinal 
nodes who underwent a noncurative resection 


survived five years. No patient with invaded 


paratracheal nodes situated above midtracheal 


‘level survived five years. In the 56 patients with 


mediastinal node invasion the carcinoma was 
right-sided a2 and the distribution between 
lobectomy. and pneumonectomy’ was the same 


on both sides. By the erid of the second year after 


resection; 21 (7596) of the 28 patients who 
underwent right-sided resectiort had died, but 
only 12 (42.896) of the 28 with left-sided resec- 


- tion had died. Right-sided carcinoma may drain 


to contralateral lymph nodes; it would seem that 
the prognosis is worse when a carcinoma with 
invaded nodes is right-sided. For reasons which 
are not clear, the results of noncurative resec- 
tions are the worst in any consecutive five-year 
period since 1951. 


Comment 


Results of various methods of surgical manage- 
ment for primary lung carcinoma are sometimes 
derived, as these are, from numbers too small to 


allow statistical analysis of every variable in so - 


diverse a disease. Case selection may be carried 
to such an extreme that survival figures are far 
above average, yet patients within the scope of 
cure or prolonged symptom-free survival are re- 
jected for operation by too rigid selection. I have 
never understood the meaning of the term "un- 
necessary thoracotomy." If a high resectability 
rate in patients with or without invaded nodes is 
to be maintained, many resections will be un- 
successful in terms of patient survival for two- or 
five-year periods. From a total of 1,700 resec- 
tions performed by me, some 1,000 patients 
have died within two years of operation. These I 
regard as unsuccessful but not unnecessary op- 
erations. Survival to five years or more is the 
main but not the only objective in exploration 
and resection. 

À good deal of information, based on findings 
at mediastinoscopy, is available on the indica- 
tions for rejecting patients for operation, but 
there is much less on the fate of these patients 
when treated by methods other than resection. It 
is unlikely that the results of alternative methods 
equal our 28.596 five-year survival rate for pa- 
tients with invaded mediastinal nodes or our 
21.296 survival for those whose carcinoma had 
spread to adjacent structures and had been 
treated by an extended operation, with an opera- 
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tive mortality of under 3%. Kirsh and his col- 
leagues [6] recorded a 29.5% five-year survival 
following resection and dissection of invaded 
mediastinal nodes followed by irradiation of the 
mediastinum in patients with squamous cell 
carcinoma. Jackman and co-workers [5] noted 
a 48% three-year survival in patients with 
peripheral carcinoma and invaded mediastinal 
nodes. Ramsey and associates [16] reported 18 
patients in whom positive mediastinal lymph 
nodes had been found in the resected specimen 
who lived five or more years after resection. 
Naruke, Suemasu, and Ishikawa [8] described 
6 out of 46 patients (13.0%) with mediastinal 
node invasion living more than five years after 
resection. Their patients’ average age at 
operation was 50.7 years. Five had adjuvant 
chemotherapy. Three died more than five years 
after resection, each from extension of car- 
cinoma. Many authors have published less en- 
couraging results. 

. Tfno contraindication to operation is revealed 
by the assessment methods described, if the pa- 
tient is judged fit to withstand extended resec- 
tion, and if the carcinoma is a type other than 
undifferentiated small cell (oat cell), we have for 
more than twenty-five years followed a policy of 
resecting whenever possible. The reasons for so 
doing are as follows: The disease is so unpre- 
dictable that the chance of cure following resec- 
tion always exists [15], and the published results 
of alternative methods of treatment for patients 
with potentially resectable cancer who are re- 
jected solely on the basis of mediastinoscopy 
findings are scarce and unconvincing. Hope is 
given to the patient and relatives if the primary 
tumor and nodes are resected [1], and pain and 
symptoms from sepsis may be relieved by resec- 
tion [18]. Resection may offer excellent pallia- 
tion; 2 patients who underwent extended resec- 
tion (see Table 5) died of mediastinal recurrence 
seven and eight years after resection, respec- 
tively; both remained at work, without symp- 
toms, until shortly before death. 

Resection must be accomplished with a low 
hospital mortality. The hospital mortality for 145 
resections for advanced carcinoma was 2.8% 
(see Table 3). This rate has been maintained; itis 
lower than the overall hospital mortality (see 
Table 1). It depends on many factors, but two 


predominate: the performance of extended and 
noncurative resection only on young patients 
and meticulous preoperative preparation of the 
patient. The mean age at resection of advanced 
carcinoma was seven years less than that in the 
whole series (51.9 versus 58.6 years). 

Proper physical and emotional preparation 
may involve hospitalizing a patient two weeks 
before operation, having a patient undergo in- 
tensive physiotherapy, combating infection, 
and giving the patient insight into and advice on 
the need to accept some postoperative pain and 
on methods of clearing the airway by coughing. 
Except in exceptional circumstances (extensive 
chest wall resection, for instance), we consider 
that the need for postoperative intubation and 
assisted respiration represents some shortcom- 
ing in patient preparation. Among our last 400 
resections only 1 patient had ventilatory assis- 
tance for more than 6 hours in the postoperative 
period. These points are as vital as surgical tech- 
nigue in maintaining a low hospital mortality. 

The patient’s age is important in another re- 
spect. It is known that patients over 65 years of 
age are more likely to die from causes other than 
carcinoma than those under 55 years of age. 
Paulson and Reisch [11], considering causes of 
death, noted that in the group over 65 at the time 
of death, 57 out of 79 patients (72.2%) died from 
something other than carcinoma. Age and exact 
cause of death must be known in assessing the 
results after resection. If patients with mediasti- 
nal nodes invaded are old (ours were young), a 
high death rate within five years of operation 
could be attributed to causes other than car- 
cinoma. The death rate would therefore not be 
influenced directly by the presence of nodal in- 
vasion at the time of resection’: but would be 
simply the death rate following resecticn. This 
may cause distortion of the survival figure in 
relation to the importance of invaded nodes. 
When death ‘is not caused by carcinoma, the 
high early death rate in the over-65 age group 
could be used as an argument against resection 
in old patients rather than an argument against 
resection when mediastinal nodes are involved. 
At the close of our study in 1976, only 21 of the 
145 patients with mediastinal involvement were , 
alive, and all but3 of the 124 deaths were caused 
by lung carcinoma. 
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The information that mediastinoscopy might 
have contributed to this series is scant. In a re- 
view of fourteen mediastinoscopy series be- 
tween 1968 and 1970, Foster and associates [4] 
recorded 3 deaths and 60 complications in 3,742 
patients. We believe that the dangers of medias- 
tinoscopy in expert hands are potential but not 
actual. Had routine mediastinoscopy been used 
in our 417 patients, we would have rejected for 
resection 8 with diseased nodes above mid- 
tracheal level, 2 with mediastinal node involve- 
ment from oat cell carcinoma that was not visible 
at bronchoscopv (those with positive oat cell 
biopsy at bronchoscopy would not now be 
explored), and 2 with definite esophageal wall 
invasion. In only 12 patients (2.996) would 
mediastinoscopy have yielded evidence that 
would, in our view, definitely and finally have 
contraindicated operation. 

The apparent low return from mediastinos- 
copy is the most striking feature of this review 
and needs explaining. It could be claimed that 
from the preliminary screening of patients by 
experienced chest physicians before referral for 
operation, some patients with a chance of cure 
were never referred. Because of the high inci- 
dence of spread beyond the lung (52 extended 
and 37 noncurative resections), this argument is 
untenable. 

It is possible, but unlikely, that the biological 
behavior of lung cencer, manifested by a ten- 
dency to invade adjacent mediastinal structures 
rather than lymph nodes, varies in different 
parts of the world. Case selection may vary, but 
advanced lesions are represented in our series. 

Paulson [10] summarizes succinctly the case 
for routine preoperative mediastinoscopy: ^"Loca- 
tion of the involved node, cell type and type of 
metastases are"important. We follow the rule 
that to be operable, mediastinal node involve- 
ment should be ipsilateral, it should be low 
paratracheal, tracheo-bronchial, azygos, subca- 
rinal or subaortic in location and intranodal in 
` type. We do not operate for known small undif- 
ferentiated lesions." A majority of surgeons 
would agree. We so often encounter nodal in- 
volvement belonging only to these categories 
that we do not routinely practice preoperative 
mediastinoscopy. Rather, we confine its use to 
patients with suspected oat cell carcinoma and to 
those above an arbitrary age for which it is dif- 


ficult to set a figure. Experience has shown that 
patients aged 65 or over with invaded mediasti- 
nal nodes, especially if pneumonectomy is 
necessary, do not do well. In this group, routine 
mediastinoscopy is used. The finding of a posi- 
tive mediastinal node contraindicates opera- 
tion. In spite of all preoperative tests, invasive or 
otherwise, experience, intuition, and guess- 
work remain contributory means of assessing 
whether an elderly patient will survive an ex- 
tended resection and have a worthwhile survival 
period. A low hospital mortality must be obliga- 
tory if such resections are to be routinely prac- 
ticed. 

Since Mason [7] described radiation therapy 
for patients with nodes involved at the time of 
pneumonectomy, no new therapy has de- 
veloped that makes long-term survival of those 
leaving the hospital after resection more likely 
than it was thirty years ago. A great need re- 
mains for effective adjuvant therapy after resec- 
tion, especially in cases in which the tumor has 
extended beyond the lung. . 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-fourth Annual Meeting of the 
Southern Thoracic Surgical Association was 
held at the Marco Beach Hotel, Marco Island, FL, 
Nov 3-5, 1977. The President was Joseph W. 
Peabody, Jr., M.D., of Washington, DC. Officers 
elected for the coming year are: President, Robert 
E. Carr, M.D.; President-Elect, Harold C. 
Urschel, M.D.; and Vice President, W. Burford 
Davis, M.D. 

Twenty-two applicants were elected to mem- 
bership. The President’s Award for the best sci- 
entific paper given at the 1976 meeting was pre- 
sented to Gordon F. Murray of Chapel Hill, NC. 


The 1978 meeting will be held at the South 
Hampton Princess Hotel, Bermuda, on Nov 
9-11. Chairman of the Program Committee will 
be Harvey W. Bender, M.D.; Chairman of the 
Membership Committee, Ronald F. Galloway, 
M.D.; and Chairman of the Meeting Site Selec- 
tion Committee, Joseph W. Peabody, Jr., M.D. | 
O. Brewster Harrington, Jr., M.D., will be in 
charge of Local Arrangements. 


J. Kent Trinkle, M.D. 
Secretary- Treasurer 


Massive Pulmonary 


Hemorrhage: 


Surgical Approach as Choice of Treatment 


Siavoush Sehhat, M.D., Mahmoud Oreizie, M.D., and Khalil Moinedine, M.D. 


ABSTRACT Massive pulmonary hemorrhage is still 
a life-threating problem with high mortality. The 
surgical versus medical approach to this condition 
was compared in 146 patients who were treated over a 
ten-year period. Our evidence shows that early opera- 
tion is the only choice of treatment. 


The Hippocratic aphorism, "The spitting of pus 
follows the spitting of blood; consumption fol- 
lows the spitting of this, and death follows con- 
sumption,” is ancient documentation that the 
danger of massive pulmonary hemorrhage was 
known centuries ago. Acommon misconception 
is that pulmonary hemorrhage rarely produces 
death; thus it should be treated conservatively. 
The mortality rate from suffocation caused by 
massive pulmonary hemorrhage without early 
attention and proper treatment has been ob- 
served to be 50 to 100% [4, 5, 8, 12, 13, 15, 18, 24, 
25]. Numerous factors cause this problem: 
tuberculosis, bronchial tumor, bronchiectasis, 
bronchial vein varices in mitral stenosis [6, 9, 
15], allergic arteritis [7], nontuberculous 
granuloma, injury to the trachea in a patient 
receiving anticoagulant therapy [10], pulmonary 
hypertension [25], and hepatic pulmonary 
amebiasis [14]. The most common cause of mas- 
sive pulmonary hemorrhage is rupture of an 
aneurysm, which usually develops during the 
course of a chronic infection in the bronchial 
wall. This was first described by Fearn [5] in 
1840. Extensive later work by Rasmussen [18] 
accounts for the eponym  "Rasmussen's 
aneurysm." Since the problem was first recog- 
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nized, different modes of treatment have been 
proposed: bedrest, sedation, Trendelenburg po- 
sition, relief of anxiety, cough suppressants, in- 
travenous administration of Pituitrin or Prema- 
rn [16], intubation with a Carlens tube, en- 
couraging the patient to cough, or blood re- 
placement. None of these treatments produced a 
good result, so resection of the involved area was 
finally suggested [19]. The purpose of this study 
is to compare surgical versus medical treatment 
in 146 patients who had massive pulmonary 
hemorrhage. 


Materials and Methods 


For evaluation purposes, we defined massiye 
pulmonary hemorrhage as pulmonary bleeding 
amounting to more than 600 ml in 48 hours, a 
criterion which is generally accepted [3, 13]. 
From 1966 to 1974, 146 patients who had massive 
pulmonary hemorrhage were admitted to the 
Soraya Medical Center, Esfahan University, and 
to the Tuberculosis Center of the Department of 
Health. Age distribution and overall mortality 
are given in Table 1. There were 61 men and 85 
women with an age range between 23 and 76 
years and a 2296 overall mortality. The underly- 
ing diseases are listed in Table 2. Twenty percent 
of the patients had tuberculosis, 6396 had bron- 
chiectasis, and 7596 had a history of one or more 
previous episodes of bleeding (Table 3). Re- 
peated bronchoscopy and bronchography were 
performed in these patients to locate the site of 
the bleeding (Table 4). 


The patients were grouped according to 


operability and inoperability (Table 5). The 
criteria for inoperability were forced expiratory 
volume less than 4596 of predicted capacity 
(primarily because of advanced bilateral dis- 
ease), inability to locate the site of bleeding, and 
bronchial carcinoma with involvement of the 
mediastinum or great vessels. The operable pa- 
tients were further divided into two subgroups: 
those who underwent operation and those who 
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Table 1. Data on 146 Patients with Massive Pulmonary Hemorrhage 
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No. of 

Age Distribution Patients 
Under 30 years 11 
Fourth decade 36 
Fifth decade 64 
Sixth decade 28 
Seventh decade and older 7 

Total 146 


No. of 
Men Women Deaths 
6 5 
8 28 5 
28 36 12 
I 11 11 
2 5 2 
61 85 33 
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did not because they refused it or because the 
referring physician preferred to pursue medical 
treatment. A total of 133 patients (91%) were 
operable; 27 (20%) of these refused operation. 
All these patients underwent bronchoscopy and 
bronchography for diagnosis and repeat bron- 
choscopy for aspiration of the tracheobronchial 
tree, if necessary. The operations consisted of 5 
segmentectomies and 6 pneumonectomies; the 
remainder were lobectomies. 

* Each group of potentially operable patients 
was then compared for overall mortality. Among 
the 106 patients who underwent operation, 
there was only 1 death, an instance of cardiac 
arrest caused by suffocation due to bleeding 
after intubation for anesthesia. In the nonoper- 
ated group 23 patients died within 25 days after 
bleeding, mostly because of suffocation; this 
was an 85% mortality rate compared with 0.9% 
in the operated group. It is clear from these fig- 


Table 2. Underlying Disease in 146 Patients 
with Massive Pulmonary Hemorrhage 








Disease No. of Patients 
Active TB proved with positive 3 
culture 
Inactive TB 
Dry bronchiectasis 25 
Cavity 1 
Cavity with mycelium ball 1 
Bronchogenic carcinoma 17 
Bronchial tumor (benign) 4 
Bronchiectasis 
Acute 5 
Chronic 87 
Lung abscess 2 
Pulmonary amebiasis 1 





ures that the surgical approach is far superior, 
and that it is the only choice of treatment for 
massive pulmonary hemorrhage. 


Comment 


Successful surgical resection versus medical 
treatment for massive pulmonary hemorrhage 
has been reported with increasing frequency 
[2-21]. Patton and associates [15] reported a 
mortality rate identical to ours (8596) for patients 
who did not undergo operation. These results 
mandate a reevaluation of the approach to such 
patients, who may rapidly drown in their own 
blood in a few minutes, regardless of age, previ- 


Table 3. History of Previous Bleeding 





Episodes No. of Patients 





0 37 
1 29 
2 15 
3 41 
4 (or more) 24 





Table 4. Location of Bleeding in 146 Patients 





Location No. of Patients 
Right upper lobe 13 
Right middle lobe 7 
Right lower lobe 57 
Right main bronchus 5 
Left upper lobe 12 
Left lower lobe 47 
Bilateral(?)* 5 


———— M — M  —  ————— — —— 


"Unable to locate site. 
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Table 5. Underlying Disease in 133 Operable and 13 Nonoperable 


Patients with Massive Pulmonary Hemorrhage 


cc RR RR RR 


Operable Patients 


St c OBEN 


Nonoperable Patients 





No. No. Not No. of 
Underlying Disease Operated Deaths Operated Deaths Patients Deaths 
| 

Active TB 1 0 1 1 1 1 
Nonactive TB 

Dry bronchiectasis 18 1 6 5 1 1 

Cavity l 0 0 0 0 0 

Cavity with mycelium ball ] 0 0 0 0 0 
Bronchial tumor (benign) | 0 0 0 0 0 
Bronchial carcinoma 8 0 4 4 5 3 
Acute bronchiectasis 4 0 0 0 0 
Chronic bronchiectasis 67 0 15 13 5 3 
Lung abscess 1 0 0 0 1 1 
Pulmonary amebiasis 1 0 0 0 0 0 


Total 106 1 Ze 23 13 9 
uM MCI c EMEN. MEN. NN RR 


ous clinical symptoms, or the extent of the un- 
derlying disease [1-17] (Figure). 

Fifteen (60%) of our 25 patients who had dry 
bronchiectasis were clinically asymptomatic for 


Oblique view of a bronchogram shows 
advanced bronchiectasis involving the entire 
left side. This was followed by massive 
pulmonary bleeding. 





a long period prior to bleeding. Sixteen (71%) of 
those patients who were not operated on and 
who died because of bleeding had a history of 
two or more previous bleeding episodes. Thus 
prophylactic resection would seem to be neces- 
sary following the first bleeding episode in such 
patients. Among patients who had tuberculosis 
we found 27 with inactive disease. Pathological 
studies showed that 25 of them had bronchiec- 
tasis; in 21 of these patients the lesion could be 
demonstrated by bronchography. Thus bleed- 
ing in instances of ‘‘arrested tuberculosis” usu- 
ally occurred in those patients who had de- 
veloped bronchiectasis, as has been reported by 
Stinghe and Mangiulea [22]. In our series car- 
cinoma caused bleeding in only 17 patients 
(11%), which is similar to early reports and 
slightly higher than recent reports [3, 17]. This is 
probably because the diagnoses were not made 
until the time of bleeding (47%). Thus the figure 
does not represent the true rate of occurrence or 
the actual role of bronchial carcinoma in massive 
pulmonary bleeding. 

A follow-up study in the 4 patients who sur- 
vived without operation revealed 2 dying be- 
cause of another episode of bleeding within two 
years, and only 1 patient surviving without any 
bleeding after five years; the fourth patient was 
lost to follow-up. Sixty-three operated patients 
(59%) have been followed from two to seven 


i- 
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years without any further bleeding. Only 1 pa- 
tient, who had acute bronchiectasis, experi- 
enced another episode of bleeding (100 ml), this 
patient has had no further recurrence. 

We believe the surgical approach produces 
very good results and that it is the definitive 
treatment in massive pulmonary hemorrhage. An 
early diagnosis is important. It should include 
emergency bronchoscopy and bronchography 
and also preparing the lung for operation by 
means of frequent bronchoscopy, respiratory 
therapy, and encouraging the patient to cough 
up secretions. Patients with undiagnosed bleed- 
ing sites still present a problem, but with re- 
peated bronchoscopy and bronchography we 
were able to find the site 96% of the time. 
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Combined Collis-Nissen Reconstruction 
of the Esophagogastric Junction 


Mark B. Orringer, M.D., and Herbert Sloan, M.D. 


ABSTRACT Recent reports have indicated that 
combined Collis-Belsey reconstruction of the 
esophagogastric junction fails to control reflux in 30 
to 46% of patients undergoing the procedure. The 
major factor thought to be responsible for this result 
is the limited Belsey fundoplication possible after 
construction of the gastroplasty tube. This report de- 
scribes our technique of combining the Collis gas- 
troplasty with a 360-degree Nissen type fundoplica- 
tion. The radiographic and manometric characteris- 
tics of the distal esophageal high-pressure zone pro- 
duced by the Collis-Nissen operation are discussed. 


Following the initially favorable results from 
combined Collis-Belsey reconstruction of the 
esophagogastric junction [3, 5-7], recent reports 
have indicated an unexpectedly high (30 to 46%) 
rate of failure to control reflux in patients under- 
going this repair [1, 4]. Our data, based on pa- 
tient interview, barium swallow examination, 
and preoperative and postoperative esophageal 
manometric and intraesophageal acid reflux test- 
ing, suggest that construction of the gastroplasty 
tube so reduces the amount of gastric fundus 
available for fundoplication that a standard 
240-degree Belsey wrap around the new distal 
esophagus cannot be achieved [4]. Thus, with an 
inadequate fundoplication, gastroesophageal 
reflux may not be prevented despite the pres- 
ence of a 3 to 7 cm intraabdominal segment of 
functional distal esophagus. 

In an effort to improve reflux control after per- 
formance of the Collis gastroplasty, we have 
begun to use a 360-degree Nissen type fundopli- 
cation. This report describes our technique for 
the combined Collis-Nissen procedure and the 
radiographic and initial manometric data ob- 
tained in our patients postoperatively. 
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Clinical Material 


Over a recent one-year period, 30 patients, 19 
women and 11 men ranging in age from 25 to 83 
years, underwent combined Collis-Nissen re- 
construction of the esophagogastric junction at 
the University of Michigan Medical Center. The 
esophageal lesions necessitating operation in 
these patients were reflux esophagitis with pep- 
tic stricture in 9; reflux esophagitis without stric- 
ture in 11; gastroesophageal reflux without 
esophagitis producing symptoms refractory to 
medical management in 5; paraesophageal 
hiatal hernia in 2; and esophageal spasm as- 
sociated with gastroesophageal reflux in 3. Ad- 
ditional factors predisposing to recurrent gas- 
troesophageal reflux after standard hiatal hernia 
repairs were common. Ten patients had 
periesophagitis from prior operations at the 
esophagogastric junction: hiatal hernia repair in 
6 and vagotomy at the time of antrectomy in 4. 
Two patients had reflux esophagitis associated 
with scleroderma, 4 patients were obese, and 1 
had severe chronic obstructive pulmonary dis- 
ease. l'reoperative evaluation included a barium 
swallow examination and esophagoscopy in all 
cases. In addition, all patients except for an 83- 
year-old woman with a type IV incarcerated 
paraesophageal hiatal hernia (“upside-down 
stomach") had preoperative esophageal func- 
tion tests, including manometric and acid reflux 
testing, as described previously [3]. 


Operative Technique 


Our protocol for dilation of peptic strictures has 
been published elsewhere [4]. If the patient has a 
peptic stricture, biopsy and dilation to a size 40F 
Hurst-Maloney bougie are performed after in- 
duction of general anesthesia. If the patient has 
no stricture but rather another indication for the 
Collis esophageal lengthening procedure, a 56 to 
60F Hurst-Maloney bougie is positioned within 
the esophagus prior to turning the patient to his 
right side. 

Through a left lateral thoracotomy in the 
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Fig 1. Main drawing illustrates the elongated, 
narrowed gastric fundus available for 
fundoplication after completion of the Collis 
procedure. Inset A shows the placement of the 
incision, through the left sixth intercostal space. 
Insets B and C show the gastric fundus being 
wrapped around the gastroplasty tube and adjacent 
stomach. Note that the posterior crural sutures are 
left untied for the moment. 


sixth intercostal space (Fig 1, inset A), the in- 
ferior pulmonary ligament is divided and the 
esophagus is mobilized to the level of the in- 
ferior pulmonary vein. When there is extensive 
mediastinal inflammation or periesophagitis, 
no attempt is made to mobilize the esophagus 
higher since additional length will be gained 
distally by the gastroplasty procedure and is- 
chemic necrosis of the mobilized, severely in- 
flamed esophagus may result [4]. 


New gastro- | 
esophageal junction — 4 — 


Old gastro- 
esophageal junction 


The gastric fundus is mobilized into the chest 
through the diaphragmatic hiatus as for a 
standard Belsey repair, dividing3 to 6 high short 
gastric vessels between clamps. If extensive 
perihiatal adhesions from prior operations pre- 
vent mobilization of the stomach through an 
exclusively thoracic approach, the left costal arch 
is divided after the skin incision has been ex- 
tended forward to the lateral margin to the left 
rectus sheath. The diaphragm is incised at its 
periphery, 2 to*3 cm from its costochondral at- 
tachments. Mobilization of the esophagogastric 
junction and fundus from their diaphragmatic 
attachments is completed. Care is taken to avoid 
injury to the spleen and vagus nerves; if the 
latter cannot be adequately visualized because 
of periesophagitis, it is better to perform a gas- 
tric drainage procedure at this point rather than 
risk the morbidity of delayed gastric empty- 
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ing secondary to vagal nerve injury. A 
pyloromyotomy or pyloroplasty is easily per- 
formed through this incision. Posterior crural 
sutures of No. 1 silk are placed but left untied for 
the moment (Fig 1). 

If indicated, intraoperative dilation of the 
peptic stricture is performed. With a 56 to 60F 
Hurst-Maloney bougie crossing the esoph- 
agogastric junction, the Collis gastroplasty ma- 
neuver is performed with one or two applica- 
tions of the GIA surgical stapler, thus lengthen- 
ing the functional distal esophagus by 5 to 10 cm 


Fig 2. Placement of the seromuscular sutures from 
gastric fundus to gastroplasty tube, to gastric fundus 
for the proximal three or four sutures, and from 
gastric fundus to anterior stomach wall and then 
gastric fundus for the distal three or four sutures. 
After these sutures are tied, the fundoplication 
includes the distal 3 to 4 cm of gastroplasty tube and 
the proximal 3 to 4 cm of stomach (inset A). The 
fundoplication, reduced into the abdomen, rests 
below the diaphragm without tension on the distal 
esophagus after the posterior crural sutures are tied 
(inset B). 


- 
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[2]. The esophageal dilator is removed, and the 
staple suture line is oversewn with a single run- 
ning Lembert suture of 4-0 Prolene. Silver clip 
markers are placed at the new esophagogastric 
junction, i.e., the distal end of the gastroplasty 
tube. 

A 46F Hurst-Maloney bougie is then inserted 
perorum, and the elongated, narrowed gastric 
fundus that remains (Fig 1) is passed behind the 
gastroplasty tube. With interrupted seromuscu- 
lar 2-0 silk sutures placed approximately 1 cm 
apart, a fundoplication 6 cm long is begun (Fig 
2). Each suture passes through gastric fundus, 
then gastroplasty tube or adjacent stomach, and 
finally through gastric fundus again. The gastric 
wrap enfolds the distal 3 to 4 cm of the gastro- 
plasty tube and the proximal3 to 4 cm of adjacent 
fundus of the stomach (Fig 2, inset A). The su- 
tures are tied with the 46F dilator still lying 
within the gastroplasty tube. The dilator is re- 
moved, and the suture line is oversewn with a 
4-0 running Prolene Lembert stitch through the 
seromuscular layers on each side. A nasogastric 
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tube is inserted, the fundoplication is reduced 
beneath the diaphragm, and the posterior crural 
sutures are tied so that the hiatus will admit one 
finger alongside the esophagus. Silver clips are 
placed at the edge of the diaphragmatic hiatus. 
The repair results in a 3 to 5 cm tension-free 
intraabdominal segment of functional esoph- 
agus, encircled completely by the gastric wrap 
(Fig 2, inset B). 


Results 


There was 1 postoperative death, that of a 72- 
year-old woman who died from cardiovascular 


Fig 3. (A) Detail of esophagogastric junction in a 
patient with recurrent hiatal hernia, reflux, and 
peptic stricture after two previous Belsey repairs. 
(B, C) Two views of the esophagogastric junction 
following the Collis- Nissen procedure. Dense lower 
mediastinal fibrosis prevented application of the 
GIA stapler flush against the esophagus, resulting in 
a diverticulum of stomach at the proximal end of the 
gastroplasty tube (B). A 10 cm long gastroplasty 
tube was constructed. Note horizontal gastric folds 
in the fundoplication around the distal 5 to 7 cm of 
functional esophagus. (In all views the large arrow 
is at the diaphragmatic hiatus and the small arrow at 
the esophagogastric junction.) 


collapse associated with esophageal perforation 
at the site of plication of a midesophageal diver- 
ticulum. One 36-year-old man with a recurrent 
hiatal hernia and extensive lower mediastinal, 
perihiatal, and abdominal adhesions had necro- 
sis of his gastroplasty tube on the fourth post- 
operative day and required esophagectomy and, 
later, colon interposition. Postoperative compli- 
cations in the remaining 28 patients included 1 
instance of bleeding from a short gastric vessel 
that necessitated laparotomy for hemostasis; 
pulmonary embolus in 1 patient; and superficial 
wound infection in 2 patients. 

Barium swallow examinations obtained one 
week after operation in these 28 patients showed 
a 3 to 7 cm intraabdominal segment of gastro- 
plasty tube encircled in a characteristic fashion 
by the 360-degree fundoplication below the dia- 
phragm (Fig 3) and no gastroesophageal reflux. 
Symptomatically, reflux has been eliminated in 
all 28 patients; 2 have experienced mild transient 
bloating. Nineteen patients have been evaluated 
by postoperative esophageal manometric and 
acid reflux testing within four months of opera- 
tion (Table). In all but 1 patient there has been an 


increase in the tone of the lower esophageal 
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Results of Esophageal Function Tests in 19 Patients Before and After Collis-Nissen Operation 


a a ells Sen ee ga DAMM 


Test 


HPZ manometric testing 
Average mean pressure (mm Hg) 
Average peak pressure (mm Hg) 
Average length (cm) 


Acid reflux test (no. of patients 
with degree of reflux) 


0 (no reflux) 
1+ (minimal reflux) 
2+ (moderate reflux) 


Preoperative Value Postoperative Value? 
0.74 4.94 

2.10 11,73 

1.00 4.21 

0 18 

0 1 

0 0 


an 
e] 
E 


3+ (severe reflux) 
a ee ere dil CORR NR 


One week to four months. 


high-pressure zone (HPZ) over preoperative 
levels. In 15 patients the length of the HPZ has 
also increased, in 11 by 3 cm or more over the 
preoperative length. Postoperatively, with the 
intraesophageal pH probe, gastroesophageal re- 
flux has been demonstrated in only 1 patient. 


Comment 


The average follow-up of only six months in 
these patients is obviously too short to allow any 


Fig 4. Postoperative manometric resting pullback 
tracing of the distal HPZ in the same patient as in 
Figure 3, who had no HPZ before his Collis-Nissen 
operation. Note the broad, 6 cm long HPZ 
demonstrated through all three lumens of the 
recording catheter. 


cm.- Prox. to Nostril 


50 45 40 


conclusions regarding the long-term success of 
this operation in controlling reflux. Neverthe- 
less, several differences between the early re- 
sults after the Collis-Belsey and Collis-Nissen 
operations are already apparent. In 75 patients of 
ours who had postoperative esophageal func- 
tion tests after their Collis-Belsey operatian, 
HPZ pressures increased over preoperative 
levels in 47 (6396), decreased in 17 (2396), and 
remained unchanged in 11 (14%), while HPZ 
length increased in 50 (67%), decreased in 17 
(23%), and remained unchanged in 8 (10%) [4]. 
In our present 19 patients evaluated after their 
Collis-Nissen operation, HPZ tone has in- 
creased in 18 and remained unchanged in only 1, 
while HPZ length has increased in 15, decreased 


35 


— 
HPZ 


or 
ae 
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in 2, and remained unchanged in 1. The average 
mean and peak HPZ pressures of 4.94 and 11.73 
mm Hg, after the Collis-Nissen operation are 
approximately the same as the 4.98 and 10.60 
mm Hg obtained after the Collis-Belsey proce- 
dure. But a more uniform distal HPZ is created 
by the 360-degree fundoplication (Fig 4), and we 
have not seen the asymmetrical HPZ found in 
one-quarter of our patients after the Collis- 
Belsey repair [4]. Average HPZ length following 
the Collis-Nissen procedure has been 4.21 cm, 
while that after the Collis-Belsey operation is 
3 cm. 

Thirteen (1796) of our 75 patients who under- 
wen: acid reflux testing within six months of 
their Collis-Belsey repair were found to have 
moderate to severe acid reflux, indicating that 
their gastroesophageal reflux had not been con- 
trolled by the operation from the outset [4]. To 
date only 1 of our patients studied within four 
months of Collis-Nissen repair has demonstra- 
ble gastroesophageal reflux. Postoperative “gas 
bloating” has occurred in 2 patients after the 
Collis-Nissen procedure and in both cases has 
been mild and transient. 

These preliminary studies support Hender- 

-son's contention [1] that better control of gas- 
troesophageal reflux after the Collis gastroplasty 
is achieved with a 360-degree fundoplication 
than with an attempted Belsey type partial fun- 
dcplication. While the potential for gas-bloat 


924899 


syndrome is greater after the Collis-Nissen 
combination, it may be wiserto risk this compli- 
cation than to settle for less complete reflux con- 
trol. Only continued, objective, long-term 
follow-up data will provide the answer to these 
questions and resolve the issue of whether at- 
tempts to salvage the esophagus in some pa- 
tients should be abandoned and replaced by a 
policy of distal esophagectomy and colon inter- 
position. 
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The Effect of Hemodilution with 
Albumin or Ringer’s Lactate on Water 
Balance and Blood Use in Open-Heart Surgery 


Phillips Hallowell, M.D., John H. L. Bland, M.B., Brian C. Dalton, M.D., 
A. John Erdmann III, M.D., Demetrios G. Lappas, M.D., Myron B. Laver, M.D., 
Daniel Philbin, M.D., Stephen Thomas, M.D., and Edward Lowenstein, M.D. 


ABSTRACT To determine the effect of intraopera- 
tive albumin administration on blood use, water bal- 
ance, and postoperative clinical course, we studied 
two groups of adult cardiac surgical patients. Group I 
(30 patients) received 25 gm of albumin during with- 
drawal of 2 units of blood prior to cardiopulmonary 
bypass (CPB) and 50 gm of albumin in the oxygenator 
prime. Group II (32 patients) received no albumin 
prior to the end of CPB. No difference in clinical 
course could be identified, nor was there a significant 
difference in blood use. Group I patients had lower 
hematocrit values intraoperatively from the time of 
blood withdrawal until the conclusion of operation. 
Coronary artery bypass operations were associated 
with greater positive water balance than were heart 
. valve operations. Forty-three percent of the patients 
having coronary artery bypass grafting had a positive 
water balance greater than 5 liters, whereas 50% of 
those undergoing valve procedures had a balance less 
than 3 liters. We conclude that the principal effect of 
withholding albumin under these circumstances is to 
increase net positive water balance. The greater posi- 
tive water balance does not appear to be detrimental. 


In a previous study [9] we reported a savings of 
25% in banked blood products (whole blood, 
packed red cells, plasma) by a program of au- 
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tologous blood withdrawal prior to cardiopul- 
monary bypass (CPB) with reinfusion of the au- 
tologous blood after bypass. An average of 180 
gm of albumin (approximately 14 units) per pa- 
tient was administered during the period from 
the start of operation through the first post- 
operative day. The purpose of the present study 
was to determine the consequences of substitut- 


ing Ringer's lactate for 75 gm of albumin. 


Materials and Methods 


Sixty-two adult cardiac surgical patients were 
randomly divided into two groups according to 
hospital unit number. Sixteen patients who 
underwent valve procedures and 14 who re- 
quired myocardial revascularization composed 
the 30 patients of Group I; there were 16 of each 
in Group II (Table 1). Two patients who under- 
went both aortic valve replacement and inser- 
tion of a single coronary artery bypass graft ° 
(CABG) were categorized as having valve proce- 
dures. There was 1 such patient in each group. 
Seventeen patients in Group I and 16 patients in 
Group II were in New York Heart Association 
Functional Class III or IV. 

We withdrew approximately 2 units of the 
patient's own blood from a radial arterial can- 
nula into plastic blood bags containing acid- 
citrate-dextrose (ACD) solution after induction 


of anesthesia and prior to CPB. After termina- 


tion of CPB and heparin reversal we reinfused 
this autologous blood. | 
In Group I, circulatory stability was main- 
tained prior to bypass by infusion of 500 ml of 
596 albumin (25 gm) in normal saline in addition 
to Ringer's lactate. Fifty grams of salt-poor al- 
bumin was included in the oxygenator prime. 
The remainder of the pump prime was com- 
posed of 2,800 ml of Ringer's lactate and 10 ml of 
50% glucose in water. In Group II no albumin 


fo 
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Table 1. Patient Material 


No. of Patients 





Valve - 
Replace- 
Group CABG ment Total 
I (albumin) 14 16 30 
H (no albumin) 16 16 32 


CABG = coronary artery bypass grafting. 


was administered during the prebypass period, 
and none was included in the oxygenator prime. 
Ringer’s lactate and ACD blood were adminis- 
tered prior to CPB as required in both groups to 
maintain circulatory stability and a hematocrit of 
approximately 30%. 

The volume of autologous blood withdrawn 
was 1,029 + 48 ml (SEM) in Group I and 896 + 66 
ml in Group II (p > 0.05). 

Morphine (1.0 to 1.5 mg/kg), nitrous oxide, 
halothane, and muscle relaxants were used as 
anesthetics. CPB was provided by a 6 LF 
Travenol bubble oxygenator and roller pumps, 
with moderate hypothermia (28° to 32°C). At 
the termination of CPB the perfusate that re- 
mained in the oxygenator and tubing was col- 
lected in plastic bags for centrifugation. The 


» packed cells were reinfused, and the superna- 


tant fluid was measured and discarded. 

A detailed record of intake, output, hemato- 
crit, total protein, wall suction, and chest drain- 
age volumes was kept for each of four periods: 
before, during, and after bypass, and after the 
operation. The postoperative period extended 
from the time of the patient's arrival in the surgi- 
cal intensive care unit (SICU) to 6:00 AM of the 
second postoperative day (37 X 0.4 hours). Diure- 
tics were given only when the urine flow was 
less than 30 ml per hour in the presence of 
adequate filling pressures and cardiac output. 

On the basis of previous experience, tabula- 
tions were made using the following volume 
assumptions: 1 unit of whole blood = 500 ml; 1 
unit of packed red cells = 300 ml; 1 unit of frozen 
red blood cells = 150 ml; 1 unit of plasma = 250 
ml; 1 unit of 5% albumin in saline = 250 ml (12.5 
gm of albumin); 1 unit of salt-poor albumin = 50 
ml (12.5 gm of albumin). 


Water balance was calculated from the sum of 
the administered 596 dextrose in water, saline, 
and Ringer's lactate (including pump prime 
Ringer's lactate and the 4°C Ringer's lactate em- 
ployed for topical cooling of the heart) minus the 
sum of the volume of urine, wall suction, and 
supernatant removed from the oxygenator and 
tubing following bypass. No attempt was made 
to account for the volume absorbed by sponges 
and drapes or for the red cell volume in the wall 
suction. Measurement of the hematocrit of the 
suction fluid revealed that it contained negligi- 
ble amounts of blood. The net volume added 
during CPB was calculated from the volume 
of all fluids added during perfusion (includ- 
ing the topical Ringer's lactate) minus the vol- 
ume of wall suction. Hematocrit and total 
protein values were determined by standard 
methods. 

Postoperative data were recorded and stored 
in a Digital PDP15 computer for retrieval and 
analysis of hemodynamic, renal, and pulmonary 
function. Paired t tests, chi-square analyses, and 
Fischer exact tests were applied where appro- 
priate for statistical analysis of the two groups. A 
p value of less than 0.05 was considered signifi- 
cant. 


Results 
Outcome of Surgery 


The intraoperative courses of the patients in the 
two groups were similar. Table 2 summarizes 
the most noteworthy comparisons in the post- 
operative period. There was no difference in the 
duration of respiratory support. Seven patients 
who received albumin required inotropic sup- 
port for more than 12 hours compared with only 
2 patients needing such support in Group II. 
More patients who received albümin developed 
impaired renal function, as reflected by elevated 
levels of blood urea nitrogen and serum 
creatinine postoperatively. The postoperative 
stay in the hospital was approximately 15 days 
in each group. There were 3 deaths in Group I 
and 1 in Group II. Three of the deaths occurred 
2 weeks or more after mitral valve replace- 
ment; the fourth occurred 7 days after revascu- 
larization. No measure of postoperative course 
between the two groups reached statistical sig- 
nificance. 
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Table 2. Postoperative Comparisons 


Indices of Pastoperative 


Course Group I Group II 
Postoperative stay in io oe d»: L59 
hospital (days) 
Hospital deaths 3 1 
Cardiac related 3 1 
Low cardiac index 
(«2.0 L/rain/m?) 
requiring pressor 
support 
12 to 24 hr 6 2 
>24 hr 1 0 
No. requiring respiratory 2 2 
support, day 3 
Blood urea nitrogen 
(mg/100 ml) 
Between 25 and 50 2 2 
Between 50 and 100 3 0 
Serum creatinine 
(mg/100 ml) 
Between 1.5 and 2.5 3 2 
Between 2.5 and 5.0 1 0 


- All figures are given as means + SEM. 


Blood and Colloid Requirements and 
Serum Protein Values 


The total banked blood product requirements 
were 2.8 + 0.3 (SEM) liters in Group Iand3.2 + 0.3 
liters in Group II (p > 0.25). In contrast, twice as 
much albumir. was administered to Group I pa- 
tients (Table 3). Approximately the same 
amount of albumin was administered to each 
group intraoperatively after CPB and in the 
SICU (p > 0.05). However, Group I patients re- 
ceived 75 gm of albumin before CPB and in the 
oxygenator prime, according to the study pro- 
tocol. In spite of this extra albumin, the total 
mean serum pratein value in Group I was greater 


Table 4. Total Protein 


Group Control 
I (albumin; N = 30) 6.69 + 0.14 
IIl (no albumin; N = 32) 6.50 t 0.11 


* Significance 


Table 3. Blood and Albumin Requirements 
for the Entire Study Period 


Blood and Albumin 
Group Plasma (L) (gm) 
I (albumin; 2.8 € 0.3 127.193 7225 
N = 30) 
Il (no albumin; 3.4 ce e. 66.25 t 8.5 
N = 32) 
Significance p < 0.001 


only shortly after the onset of CPB (Table 4). By 


. the end of operation the values were similar in 


the two groups. Total protein was 5.0 gm/100 ml 
or greater on arrival in the SICU in both groups 
(5.35 € 0.10 gm in Group I and 5.08 + 0.14 gm in 
Group II; p > 0.05). 

WATER BALANCE. Group II patients re- 
ceived an average of approximately 1 liter more 
water than those in Group I. Since the Group H 
patients produced the same volume of urine, 
they developed a 1 liter greater water balance 
(p « 0.05) during the study period (Table 5). 

HEMATOCRIT. The mean control hemato- 
crits were similar (Fig 1). All subsequent values 
during operation were significantly higher in 
the patients of Group II, who received no albu- 
min: The decrease associated with blood with- 
drawal prior to CPB averaged 9.396 in Group I 
and 6.496 in Group II. As in our previous study 
[9], institution of CPB was associated with a 
decrease in hematocrit of approximately 1296. 
The mean hematocrit had risen to 3196 in both 
groups by the time of arrival in the SICU. The 
higher hematocrit values in Group II suggest 
greater extravasation of water from the vascular 
space prior to and during bypass. 


Protein Level (gm/100 ml) 


At Initiation At End of 

of CPB Operation In SICU 
3.28 + 0.14 4.38 + 0.11 5.35 + 0.10 
241.3 0.99 4.28 + 0.13 5.08 + 0.14 
p « 0.001 


, CPB = cardiopulmonary bypass; SICU = surgical intensive care unit. 
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Table 5, Water Balance 


Water 

Group (L) 

I (albumin; N = 30) 9.9 + 0.4 
II (no albumin; N = 32) m1005 
Significance 

CABG (N = 30) 12.0 405 
Valve replacement 9.1 + 0.4 

(N = 32) 
Significance p < 0.001 


CABG = coronary artery bypass graft surgery. 


Comparison of Patients Having Myocardial 
Revascularization and Valve Replacement 

FLUID REQUIREMENTS. The blood and plasma 
requirement for the entire study period was 
not significantly different in patients under- 
going CABG and those having valve replace- 
ment (3.3 + 0.3 L versus 2.8 + 0.2 L; p > 0.05). 
However, a significantly greater amount of al- 
bumin (mean, 24 + 2 gm) was administered to the 
CABG patients (p < 0.01). During operation the 
colloid requirements were similar for the two 
types of procedure. However, the patients un- 
dergoing myocardial revascularization required 


Fig 1. Mean (+ SEM) hematocrit values. The 
higher vaiues in Group II suggest that albumin 
decreases the rate of extravasation of water 
from the vascular space during hemodilution. 






7A II No Albumin 


fo HEMATOCRIT 


RE POST 
BYPASS ONSET BYPASS 





Positive 

Water 
Urine Balance 
(L) (L) 
3.6 + 0.2 3.5 + 0.3 
3.8 t 0.3 4.5 t 0.4 

p < 0.05 
42 02 4.6 X 0.4 
3.2. oO 3.4 + 0.3 
p < 0.01 p < 0.02 


1.8 liters more Ringer’s lactate intraoperatively 
(p < 0.001) (Table 6). 

WATER BALANCE. The patients having CABG 
received nearly 3 liters more water than those 
undergoing valve replacement (p < 0.001), 
produced 1 liter more urine (p < 0.01), and hada 
1.2 liter greater positive water balance (p < 0.02) 
(see Table 5). Further analysis revealed that 13 


- (43%) of the CABG patients had water balances 


that were positive by more than 5.0 liters, 
whereas 16 (50%) of the patients having valve 
replacement had positive water balances of less 
than 3.0 liters at the end of the study period (Fig 
2). Albumin administration reduced the mean 
positive water balance by approximately 900 ml 
in both CABG and valve replacement patients 
(Fig 3). Thus the mean positive water balance 
was greatest (5.0 liters) in the Group II patients 


p< OO0f 
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Table 6. Comparison of CABG and Valve Replacement 





Before CPB During CPB 
Duration Ringer's Colloid Duration Ringer's Colloid Suction Net 

Operation (min) (L) (L) (min) (L) (L) (L) (L) 
CABG 150 t8 2392018 07 £01 977 39204 079E0T 29702 22203 

(N = 30) 
Valve 86 +5 1440.13 06401 98+8 2140.2 0.66 +0.12 17402 13402 

replacement 

(N = 32) 
Significance p «0.001 p < 0.001 p « 0.001 p<0.05 p «0.02 


CPB = cardiopulmonary bypass; CABG = coronary artery bypass grafting. 


who had CABG and least in the Group I patients 
who had valve replacement (2.96 liters). 

OTHER. The prebypass period was approx- 
imately an hour longer for CABG than for valve 
replacement (see Table 6). The additional time 


Fig 2. Positive water balance at the end of the 
study period (37+ 0.4 [SEM] hours) in patients 
undergoing valve procedures and those having 
myocardial revascularization. Horizontal bars 
are mean values. Note that 1 patient who had 
valve replacement and 6 who underwent CABG 
had positive water balances greater than 7 

liters; all but 1 were in the no-albumin group. 
All 7 patients survived, and none had 
outstanding intraoperative complications. 
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required for excision and preparation of the 
saphenous vein graft and performance of the 
proximal aorta-saphenous vein graft anas- 
tomoses accounted for this time difference. 


. There is a positive correlation (r = 0.70, p < 0.01) 


between the length of the prebypass period and 
the positive water balance in the Group II CABG 
patients. No other correlations between dura- 


tion of operation and water balance achieved 


statistical significance. 

In both types of operation, mean CPB time 
was the same (97 and 98 minutes). However, the 
mean operative time was 77 minutes longer for 
CABG. 

Chest drainage volume was greater in CABG 
(1,720 + 165 ml) than in the valve procedures 
(1,289 + 109 ml; p « 0.05). 


Fig 3. The effect of albumin administration on 
the magnitude of positive water balance in 
valve procedures and coronary artery 
revascularization. Note the 2 liter difference 
between valve patients receiving albumin and 
CABG patients not receiving albumin. 
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Comment 
The major finding of this study is that adminis- 
tration of 75 gm of albumin during the period 
from the beginning of operation to the end of 
CPB appears to have remarkably little effect on 
the intraoperative or postoperative clinical 
course of cardiac surgical patients except with 
regard to water balance. Serum protein level is 
not maintained by administering this quantity 
of albumin. The quantity of blood and plasma 
used does not appear to be reduced by the ad- 
ministration of 75 gm of albumin, but positive 
water balance is 1 liter less in patients who re- 
ceive this amount of albumin. Furthermore, 
coronary artery revascularization is associated 
with a positive water balance 1 liter greater than 
that of heart valve procedures. Thus, in the 
present study, patients undergoing myocardial 
revascularization who did not receive albumin 
had a positive water balance approximately 2 
liters greater at the end of the study period than 
that of valve surgery patients given albumin. 
Our study casts doubt on the necessity of 
maintaining the serum protein level, and there- 
fore serum protein osmotic pressure, at anormal 
level intraoperatively in cardiac surgical pa- 
tients. Our results are in accord with a large 


body of experimental and clinical data. 


Michalski and co-workers [15] produced pro- 
found hemodilution (mean hematocrit, 696) in 
spontaneously breathing anesthetized dogs by 
simultaneous blood withdrawal and infusion of 
Ringer's lactate. The dogs were maintained at 
the low hematocrit for one hour, and then the 
hematocrit was reconstituted. Circulatory and 
blood-gas exchange integrity were maintained 
despite a positive water balance averaging 36% 
of initial body weight; all dogs survived. Using 
the same experimental model, Cooper and as- 
sociates [5] demonstrated a 4796 increase in lung 
water, all of it confined to the peribronchial- 
perivascular area of the pulmonary interstitium, 
and Erdmann and colleagues [7] have shown 
that hemodilution results in a 2396 increase in 
heart water. Furthermore, Yoshikawa and 
co-workers [25] showed that the severity of ex- 
perimental myocardial ischemia is not exacer- 
bated by profound hemodilution, since coro- 
nary blood flow increases sufficiently to com- 


pensate for the great decrease in arterial oxygen 
content. 

Laver and Buckley [13] studied 26 patients in 
whom extreme hemodilution to a mean 
hematocrit of 9.5 +3% (SD) and total serum pro- 
tein of 2.4 + 0.6 gm/100 ml were induced by 
simultaneous blood withdrawal and infusion of 
Ringer's lactate. The results in these patients 
paralleled the experience in experimental ani- 
mals: there was no evidence of impaired blood- 
gas exchange or clinical pulmonary edema. In 
light of these accumulated data and those of 
others [12, 14, 18], we hypothesize that a degree 
of lung water retention does occur in humans 
subjected to hemodilution with reduced serum 
protein osmotic pressure, that this water is con- 
fined primarily to the pulmonary interstitial 
space, and that it appears to have little if any 
clinical importance. 

In association with the cited studies, in an 
attempt to conserve banked blood, we initiated 
in 1971 a program of prebypass withdrawal of 2 
units of blood to provide fresh autologous blood 
for postbypass administration to adult cardiac 
surgical patients. Circulatory integrity during 
blood withdrawal prior to bypass was main- 
tained by a combination of Ringer's lactate, al- 
bumin, and whole blood. This program 
achieved a savings of 2596 in banked blood 
products [9]; others [3, 17, 27] have reported 
savings of up to 5096. However, the average of 
approximately 180 gm (14 units) of albumin used 
per patient in our earlier study [9] and the 75 to 
100 gm of albumin included in the oxygenator 
prime by others [3, 27] were disturbing from 
both a logistical and an economic point of view. 
Therefore, the present study was initiated to 
examine the necessity for using such large 
amounts of albumin. An inverse relationship 
between positive water balance and albumin 
dosage is clearly evident when data from the two 
studies are combined (Fig 4). 

A number of authors have suggested that a 
large positive water balance results in pulmo- 
nary edema and large alveolar-arterial oxygen 
gradients [16, 20]. Others believe that albumin 
may reduce the occurrence of these complica- 
tions [6, 22, 23]. From data collected in conscious 
animals [8], it is not surprising that the lungs 
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Fig 4. Relationship of albumin administration to 
positive water balance in open-heart 
procedures. (This figure presents data from the 
present stuay and from a previous study [9].) 


and other organs are able to clear fluid and pro- 
tein so rapidly. The pulmonary parenchyma is 
endowed with a rich lymphatic network that is 
able to clear large volumes of excess fluid with- 
out the development of clinical pulmonary 
edema. There is rapid equilibration of both 
water and protein across the pulmonary mi- 
crocirculation [21]. The administration of large 
volumes of protein is therefore not rational, 
since albumin itself leaks rapidly into the inter- 
stitial space and can exert only a minimal tran- 
sient osmotic effect across the pulmonary capil- 
lary [24, 26]. 

Large volumes of albumin used for resuscita- 
tion have been associated with renal tubular 
dysfunction in animals [19] and with poor clini- 
cal recoverv, increased blood use, and renal dys- 
function in battle casualties [1]. In the albumin 
group of the present study there was a greater 
incidence cf abnormality in four indices of post- 
operative course (death, low catdiac index re- 
quiring  pressor support, and increased 
creatinine and blood urea nitrogen values). 
Since these differences did not achieve statistical 
significance, our data do not justify conclusions 
about potential hazards of albumin administra- 
tion. 

The greater volume requirement prior to and 


during CPB of patients undergoing myocardial 
revascularization compared with those having . 
valve replacement had been suspected on clini- 
cal grounds and suggested that the two groups 
should be separated for statistical analysis. The 
1.8 liter greater crystalloid requirement during 
operation and the 1.2 liters greater total positive. 
water balance in the CABG patients confirmed 
our clinical impressions. A number of inves- 
tigators [2, 4; 10, 11] have documented a con- 
tracted blood volume prior to operation in pa- 
tients with coronary artery disease, even in the 
face of abnormal left ventricular function. This 
evidence contrasts with the expanded blood 
volume commonly found in patients with valvu- 
lar heart disease. This preexisting difference 
may partially account for the greater fluid ad- 
ministration in our patients with coronary artery 
disease. A second possible explanation is the 
duration of time prior to bypass. Cooper and 
associates [5] have shown a continuing require- 
ment for crystalloid replacement to maintain 
blood volume and circulatory integrity in the 
presence of a severe decrease in serum colloid 
osmotic pressure. The practice of performing the 
proximal aortocoronary anastomoses prior to 
institution of CPB accounts for our longer pre- 
bypass time. Finally, CABG patients had a vol- 
ume of postoperative chest drainage signifi- 
cantly greater than that of patients undergoing 
valve replacement. Interestingly, the 24 gm more 
albumin required by the CABG patients would 
account almost exactly for the 430 ml difference. 

Intuitively, it would appear advantageous to 
minimize positive water balance, but in this 
study we could detect no evidence to support 
that view. Our present practice is to administer 
albumin intraoperatively under two circum- 
stances: in order to minimize positive water bal- 
ance in the presence of left ventricular failure 
and pulmonary edema, or when the period be- 
tween blood withdrawal and institution of CPB 
is expected: to be prolonged. We have discon- 
tinued the inclusion of albumin in our pump 
oxygenator priming solution. 

We conclude that albumin administration as 
described had little effect on conservation of 
banked blood products or on the clinical course 
of patients in our cardiac surgical program. No 
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deleterious effect of the greater positive water 


balance attendant upon lesser administration of 


albumin is clinically apparent. 
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Similarity of Clinical and Laboratory 
Results Obtained with Microporous Teflon Membrane 
Oxygenator and Bubble-Film Hybrid Oxygenator 


Dennis R. Williams, C.C.P., G. Frank O. Tyers, M.D., Edward H. Williams, M.D., 
Mark Kurusz, C.C.P., Carolyn W. Shaffer, M.D., William S. Pierce, M.D., 


and John A. Waldhausen, M.D. 


ABSTRACT For 80 elective clinical cardiopulmo- 
nary bypasses we alternately used either a commer- 
cial microporous Teflon membrane oxygenator or a 
commercial hybrid bubble-film oxygenator. Setup 
time was a little longer with the membrane unit (20 
minutes), but priming volume (2,250 ml) was the 
same. Na problems were encountered with the hy- 
brid oxygenator. However, despite our monitoring of 
additional variables, including shim and inlet pres- 
sure and recirculation flow, gas exchange abnor- 
malities were encountered in 5 patients on whom the 
membrane oxygenator was used; in 4 of these cases 
the abnormalities were encountered prior to our rec- 
ognition of the potential for occasional internal 
shunting with this device. 

There were no hospital deaths. When the two 
groups, matched except for oxygenator selection, 
were compared, there were no significant differences 
clinically or hematologically. For cardiopulmonary 
bypass of 2 hours or less, both oxygenators studied 
are definite improvements over previous silicone 
membrane and high-gas-flow bubble oxygenators. 
However, lower cost and reduced complexity favor 
the hybrid oxygenator. 


Among the theoretical advantages of membrane 
oxygenators over bubble oxygenators are ab- 
sence of a blood-gas interface and no require- 
ment for antifoam agents [2, 7, 11, 12, 13]. The 
primary factors preventing widespread clinical 
use of membrane oxygenators have been cost, 
inefficiency, and inconvenience [5]. For ex- 
ample, with the Landé-Edwards membrane 
oxygenator, each 40 to 50 kg of patient weight 
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required an additional unit connected in parallel 
to achieve adequate gas transfer, and this in- 
creased both priming volume and cost [2, 13]. 
However, a recently developed microporous 
Teflon membrane oxygenator* is only slightly 
more costly than a variety of disposable bubble 


oxygenators and requires little additional prim- 


ing volume [5, 8]. Because of its increased gas 
transfer per unit area relative to silicone mem- 
brane oxygenators, we compared the Teflon 
membrane oxygenator to a laminar flow 
bubble-film oxygenatort [9] in a carefully 
matched series of 80 patients (40 pairs). 


Materials and Methods 


The Travenol Teflo oxygenator utilizes a mi- 
croporous membrane of expanded fibrillated tet- 
rafluoroethylene (Teflon) [4]. The membrane 
surface area is approximately 2.25 uU? with a pore 
size of 0.1 to 0.9 u [4, 8]. There are 30 blood- 
phase envelopes alternating with 30 gas-phase 
envelopes and folded in an accordion-pleat fash- 
ion. Support is provided by thin paperboard 
sheets in the gas-phase envelopes and fine ny- 
lon screen in the blood-phase envelopes. This 
multiple-envelope membrane is contained 
within a rectangular hard plastic shell. In the 
middle of the membrane, within the gas phase, 
is a rectangular balloon or shim. Inflation of the 
shim decreases the thickness of the blood-phase 
envelopes and thereby increases oxygen trans- 
fer. For cardiopulmonary bypass the oxygenator 
1s secured in a rigid steel frame which holds the 
arterial and venous reservoirs and heats the oxy- 
gen as required to prevent water vapor buildup 
in the gas phase. Following connection to ve- 


*Travenol Teflo oxygenator, Travenol Laboratories, Inc, 
Morten Grove, IL 60053. l l 

tHarvey H200 oxygenator, William Harvey Research Corp, 
Santa Ana, CA 92705. 
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nous return and arterial infusion lines from the 
patient and the institution of bypass, venous 
blood along with cardiotomy blood enters the 
disposable plastic venous reservoir by gravity 
and is forced into the oxygenator with a roller 
pump. Blood leaving the oxygenator enters the 
disposable plastic arterial reservoir. A second 
roller pump is required to propel the oxygenated 
blood from the arterial reservoir through the 
heat exchanger and into the patient through the 
arterial line and the arterial cannulation site. The 
roller pump between the venous reservoir and 
the oxygenator is run about 10% faster than the 
arterial pump so that approximately 10% of the 
blood passing through the oxygenator recircu- 


lates into the venous reservoir. This maintains a 


high blood-phase pressure within the oxy- 


genator and thus prevents the pressure in the 


gas envelopes from ever exceeding the pressure 
in the blood envelopes, which would lead to air 
embolization. Oxygen flow rate is regulated be- 
tween 4 and 20 liters per minute to achieve the 
desired Poo, in the blood leaving the oxygenator 
[5]. After poor gas exchange due to inadequate 
gas flow or distribution through the oxygenator 
had been encountered in four membrane units, 
subsequent oxygenators were tested for this de- 
fect by pressurizing the gas phase of the unit 
prior to bypass; they were discarded if shunting 
was present. 

The Harvey hybrid oxygenator is of the 
bubble-film slug flow type [9]. Within a cylin- 
drical hard outer shell of polycarbonate, 33 verti- 
cal tubes 35.5 cm in length are used to maximize 
the blood-gas interface. By gravity (compared 
with the need for a roller pump with the mem- 
brane), venous and cardiotomy blood enter a 
chamber at the bottom of the cylinder directly 
over a plate with 152 holes. Oxygen is dispersed 
in small bubbles through this plate vertically into 
the venous chamber. The gas flow carries blood 
up the vertical tubes. The blood alternately fills 
the tubes for short sections separated by gas- 
filled segments where the blood forms a thin 
film over the tubes’ inner surface (slug flow). 
Gas exchange thus occurs during both the 
bubbling of oxygen into the venous chamber 
and the filming of the blood inside the gas-filled 
vertical tubes. The blood is defoamed as it leaves 
the oxygenating column and is passed througha 


silicone-treated polyurethane mesh and then 
a nylon tricot filter (40 denier). Next the oxygen- 
ated blood enters a reservoir from which it is 
propelled through a heat exchanger into the pa- 
tient’s arterial infusion line by means of a roller 
pump. 

Two Pall extracorporeal blood filters* were 
used with both the membrane and the laminar 
flow bubble oxygenators [1], one in the car- 
diotomy line (suctioned shed blood) and one in 
the arterial line between the heat exchanger and 
the patient. Both oxygenators and related lines 
and reservoirs were primed with 2,000 ml of 
lactated Ringer’s solution, 400 ml of 25% salt- 
poor albumin, 5,000 units of heparin, and 25 
mEq of potassium chloride. Sodium bicarbonate 
was used to increase the pH to 7.6. 

Moderate hypothermia (28°-34°C) was em- 
ployed, the absolute level depending on the type 
and duration of the operation. All patients re- 
ceived heparin, 300 units per kilogram of body 
weight, prior to placement of venous and arterial 
cannulas. Both cavae were cannulated for valve 
procedures; a single right atrial cannula was 
used for aortocoronary bypass procedures. Arte- 
rial blood was returned into the ascending aor- 
ta. Platelet, fibrinogen, prothrombin time, 
hematocrit, blood urea nitrogen, and glucose 
levels were measured prior to bypass. During 
bypass, arterial Poe, Pco;, pH, hematocrit, and 
hemoglobin levels were measured every 30 
minutes. Platelet, fibrinogen, prothrombin 
time, plasma hemoglobin, and glucose levels 
were measured 60 minutes after completion of 
cardiopulmonary bypass. Total chest tube 
drainage over the first 24 hours was recorded, 
and the blood urea nitrogen level was deter- 
mined daily throughout the recovery period. A 
record was made of the total number of units of 
blood and packed cells given throughout hos- 
pitalization. The significance of the differences 
between all preoperative and postoperative de- 
terminations was calculated by using the paired 
t test. The significance of the differences be- 
tween the membrane and the bubble oxygenator 
groups was calculated by using the Student t 
test. 


*Pall Corporation, Biomedical Products Division, Glen 
Cove, NY 11542. 
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Table 1. Case Selection for Hybrid Bubble and Microporous Teflon Membrane Oxygenators 


Oxygenator 

Bubble 968 3.5 

Membrane 96 +5 
Statistical comparison p «0.9 


All except p values are mean + standard error. 


Results 

Forty clinical perfusions made with the Harvey 
hybrid oxygenator were compared to 40 made 
with the Travenol Teflo oxygenator. Procedure, 
bypass time, and patient weight were closely 
matched, as summarized in Table 1. Plasma 
hemoglobins determined 60 minutes post- 
bypass were 5 to 10 mg per 100 ml per hour of 
total cardiopulmonary bypass, regardless of the 
oxygenator employed. Hemoglobinuria did not 
occur in any patient in the study. 

As is summarized in Table 2, the total blood 
requirement during hospitalization (mean, 10 
days), chest tube drainage during the first 24 
hours, and predischarge hematocrit were not 
significantly affected by the choice of 
oxygenator. Following bypass, platelet and fi- 
brinogen levels were significantly reduced and 
prothrombin times significantly increased, but 
there was no significant difference between the 
effects of the membrane and hybrid oxy- 
genators, as is summarized in Table 3. Blood 
urea nitrogen levels were slightly higher 
preoperatively in the 40 patients who were 
oxygenated during bypass with the bubble-film 
device (p < 0.06). The mean peak postoperative 
rise in blood urea nitrogen was 5 mg per 100 ml 


Bypass Time (min) 


Patient Weight (kg) Surface Area (m?) 


7D 1.86 + 0.03 
76 € 2 1.89 + 0.03 
p «0.8 p — 0.5 


with the bubble oxygenator and 6 mg per 100 ml 
with the membrane oxygenator, and the differ- 
ences between the highest blood urea nitrogen 
levels recorded postoperatively did not ap- 
proach significance (Table 4). The blood glucose 
level was significantly elevated 60 minutes fol- 
lowing bypass with both the membrane and 
bubble-film oxygenators, but there was no dif- 
ference between the oxygenators (Table 4). As is 
shown in Table 5, the choice of oxygenator did 
not affect the clinical course, as determined by 
the number of days the patient spent on the 
respirator, in the intensive care unit, or in the 
hospital. 

Gas exchange was adequate in all bypasses 
made with the Harvey oxygenator. A mixture of 
97% oxygen and 3% carbon dioxide was used 
with an average gas flow/blood flow ratio of 
1.25:1. Oxygen without carbon dioxide was 
used with the membrane oxygenator with an 
average gas flow/blood flow ratio of 2-3:1. 
Three patients over 70 kg had low arterial Po, 
levels (42, 58, and 70 mm Hg), and 2 additional 
patients had high Pco; levels (68 and 62 mm Hg). 
These 5 patients showed no postoperative evi- 
dence of respiratory distress or tissue ischemia. 
However, this result has necessitated prebypass 


Table 2. Comparison of Blood Requirements of Patients on Hybrid Bubble 


and Micrcporous Teflon Membrane Oxygenators 








* Chest Tube Hematocrit (96) 
Drainage Blood 
during First Usage 
Oxygenator 24 Hours (ml) (units) Prebypass Predischarge 
Bubble (N = 40) 872 + 52 5.2 + 0.4 40.1 + 1.1 35.0 + 0.7 
Membrane (N = 40) 827 + 48 4.7 t 0.3 41.8 + 0.5 35.4 t 0.6 
Statistical comparison p < 0.53 p < 0.42 p < 0.49 p < 0.70 





All except p values are mean + standard error. 
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Table 3. Comparison of Hematological Effects of Hybrid Bubbie 


and Microporous Teflon Membrane Oxygenators 


Platelets Fibrinogen Prothrombin Time 
(K/mm?) (mg/100 ml) (sec) 
60 Min 60 Min 60 Min 

Oxygenator Prebypass Postbypass Prebypass Postbypass Prebypass Postbypass 
Bubble (N — 40) 266.7 + 19.6 145.0 + 11.2 356.5 + 12.8. 219.2197 117002 15.5 £ 0.3 
Membrane (N = 40) 259.3 + 11.2 142.0 + 84 346.0 + 13.2 226.2 +81 11.7402 15.4 ż 0.2 

Statistical p < 0.75 p «0.84 p < 0.57 p < 0.59 p < 0.02 p «0.75 

comparison 
K = thousands. 
All except p values are mean + standard error. 
Table 4. Comparison of Metabolic Effects of Hybrid Bubble 
and Microporous Teflon Membrane Oxygenators 
Blood Urea Nitrogen 
(mg/100 ml) Glucose 
(mg/100 ml) 
Highest 
. Postoperative 60 Min 

Oxygenator Prebypass Level Prebypass Postbypass 
Bubble (N = 40) 16.3 12 23.7 317 95.5 2-27 195.5 £ 7.2 
Membrane (N = 40) 15.4 + 0.6 212 138 105.0 + 5.1 199.5 + 8.0 

Statistical comparison p « 0.06 p < 0.33 p<0.11 p «0.7 


All except p values are mean + standard error. 


Table 5. Comparison of Clinica! Response of Patients on Hybrid Bubble 


and Microporous Teflon Membrane Oxygenators 


Days in Intensive 


Oxygenator Days on Respirator Care Unit Days in Hospital 

Bubble (N = 40) 0.9 + 0.04 Se 2 10.1 + 0.6 

Membrane (N = 40) 1.2 0.15 2.9 + 0.2 9.5 + 0.6 
Statistical comparison p « 0.14 p «0.13 p < 0.43 


All except p values are mean + standard error. 


checking of all subsequent Teflo membrane 
oxygenators for internal shunting; if shunting is 
present (as it has been in 2 instances in our 
experience), the oxygenator is discarded, re- 
placed, and the new unit reprimed, which adds 
10 minutes to the setup time. Since the introduc- 
tion of this procedure, there have been no prob- 


lems with oxygen exchange and only 1 instance 
of elevated Pco,. 


Comment 


Widespread use of membrane oxygenators has 
previously been limited by the inability to man- 
ufacture a membranous material thin enough to 
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allow rapid oxygen and carbon dioxide transfer 
and by the high internal resistance to blood flow 
exhibited by some membrane units [5, 8, 12]. 
Recently, a new form of expanded Teflon 
(Gore-Tex) has been introduced which in mem- 
brane form is more permeable to both oxygen 
and carbon dioxide than a silicone membrane of 
similar dimensions [4]. The expanded Teflon is 
microporous, which results in molecular per- 
meability to both oxygen and carbon dioxide. 
However, once the membrane is coated with 
albumin, there is no direct contact between the 
gas and blood phases [10]. Gas exchange can be 
controlled independently without changing the 
gas mixture: oxygenation by varying shim pres- 
sure (thickness of the blood film) and carbon 
dioxide elimination by varying oxygen flow 
rate. The time taken to assemble and prime the 
Teflo membrane oxygenator circuit averaged 20 
to 30 minutes longer than the time needed to set 
up the bubble oxygenator. Shim pressure, blood 
pressure at the inlet to the membrane 
oxygenator, oxygen flow rate, blood flow rate, 
and recirculation flow rate all had to be 
monitored with the Teflo oxygenator, as all may 
affect the adequacy of gas exchange. This in- 
crease in complexity slightly increases the po- 
tential for error. In contrast, with the bubble 
oxygenator only blood and gas flow rates control 
gas exchange, which markedly reduces the 
number af variables to be monitored. The per- 
fusionist is thus freed to follow more closely 
such aspects of the general course of the bypass 
as temperature and timing of rewarming; surgi- 
cal team interference with the infusion and re- 
turn cannulas and lines; administration of elec- 
trolytes, anesthetic gases, drugs, and anticoagu- 
lants; anc preparation for such ancillary tech- 
niques as coronary perfusion, topical hypo- 
thermia, or potassium arrest. 

The Harvey oxygenator combines efficient 
bubbling and a degree of filming to effect 
oxygenation. The gas flow/blood flow ratio is 
thus much less than it is with the Q100 Bentley 
Temptrol bubble oxygenator* that we had used 
previously (1.25 : 1 vs 3.5 : 1). This reduction 
in gas flow resulted in less turbulence and 
trauma to the blood, and none of the improved 


*Bentley Laboratories, Inc, Santa Ana, CA 92714. 


bubble oxygenators introduced since this study 
(e.g., Optiflo 42-201,* Bentley 300A1) have 
achieved lower gas/blood flow ratios than the 
hybrid design. 

There are many factors besides the oxygenator 
which influence the amount of blood trauma and 
resulting hemolysis during total cardiopulmo- 
nary bypass, including pump head occlusion, 
nonphysiological blood gas levels [6], cannula 
size, and, most importantly, negative-pressure 
suction return of blood spilled into the pericar- 
dium [13]. 

With all patients in this study, regardless of 
the oxygenator used, an attempt was made to 
keep blood trauma at an absolute minimum. 
Large-bore cannulas were selected so that the 
gradient across the arterial line was never more 
than 75 to 100 mm Hg, pump head occlusion was 
checked prior to bypass, and intracardiac suc- 
tion was kept as low as possible. Blood flow was 
adjusted to maintain a calculated venous satura- 
tion greater than 5096 or a venous Po; above 25 
mm Hg to minimize the likelihood of either 
overperfusing or underperfusing the patient. 
The patients' arterial blood gases were main- 
tained within normal physiological limits. 

Total cardiopulmonary bypass for open-heart 
surgery involves many variables. Every attempt 
was made to standardize their effects in the pre- 
sent comparison of the Travenol Teflo membrane 
oxygenator and the Harvey oxygenator. No clin- 
ical, hematological, metabolic, or hemodynamic 
differences were detectable between two groups 
of 80 matched patients (40 membrane, 40 
bubble-film) supported during total cardiopul- 
monary bypass for durations of 4% to 2!^ 


.hours. Preoperative hematological variables, 


oxygenator prime (dilution), and flow rates (re- 
lated directly to surface area) were identical in 
both groups, which precluded postoperative dif- 
ferences between the membrane and bubble 
oxygenator groups related to varying dilution 
or blood trauma. This supports recent data 
which question the advantage of a membrane 
oxygenator for the majority of routine clinical 
cardiopulmonary bypasses and the degree, if 
any, of protein denaturation that takes place at a 
blood-gas interface at physiological tempera- 


*Cobe Laboratories, Inc, Lakewood, CO 80215. 
iBentley Laboratories, Inc, Santa Ana, CA 92714. 
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ture, pH, and arterial gas tension [6]. Previous 
reports of reduced blood loss and hemolysis 
with the Teflon membrane oxygenator were not 
of statistical significance [12]. 

In comparison with the Travenol membrane 
oxygenator, the Harvey hybrid oxygenator has 
the combined advantages of somewhat lower 
cost and complexity. À study comparing the 
hybrid design with another new, low-prime, 
relatively low gas flow oxygenator (Optiflo) 
is currently in progress. 
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Erratum 


In the Guidelines for Data Reporting for The 
Annals of Thoracic Surgery published in the 
November, 1977, issue (Ann Thorac Surg 24:398, 
1977), reference 5 should read: 


5. AHA Committee Report: Reporting system on pa- 
tients evaluated for coronary artery disease (news 
from the American Heart Association). Circulation 
vol 51. no 4, 1975, pp 5-40 


Atrial Septal Defect: Acute Left 
Heart Failure After Surgical Closure 


Juergen Beyer, M.D. 


ABSTRACT Sixteen of 766 patients operated on for 
isolated atrial septal defect developed severe acute 
left heart failure that necessitated partial reopening of 
the defect; 6 died. The prognosis depended mainly on 
prompt surgical intervention. The most frequent 
pathological and anatomical finding was marked 
hypoplasia of the left ventricle. Pulmonary hyperten- 
sion appeared to be of minor importance. Hemody- 
namic data published by others support the 
hypothesis that this complication is often the result of 
markedly impaired left ventricular compliance as- 
sociated with left ventricular hypoplasia. 


The repair of an isolated atrial septal defect 
(ASD) is believed to carry a very low risk com- 
pared with othertypes of open-heart operations. 
Only marked pulmonary hypertension and 
preoperative congestive heart failure [2-6, 12, 
14, 16-20] are thought to influence the surgical 
mortality rate. In a small group of our patients, 
. however, closure of the defect was followed by 
acute left heart failure, even in the absence of 
these risk factors. This paper reports our experi- 
ence with this unusual complication and dis- 
cusses its possible causes. 


Materials and Methods 


From December, 1958, to December, 1976, 766 
patients were operated on for isolated ASD, 
mainly of the secundum type. Sixteen patients 
(2.1%) suffered acute left ventricular failure 
either immediately after closure of the defect (10 
patients) or up to 30 hours postoperatively (6 
patients). In the first group this was evidenced 
by a rapidly increasing left atrial pressure; in the 
second grcup acute pulmonary edema was the 
first sign of heart failure, when left atrial pres- 
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sure was no longer being monitored because 
of a seemingly uneventful postoperative course. 
Only 2 patients demonstrated additional signs 
of forward failure, as shown by low cardiac out- 
put syndrome. 

When intensive medical treatment failed to 
affect the cardiac status, surgical therapy was 
applied; this consisted of creation of a small de- 
fect (about 1 cm in diameter) in order to reduce 
the preload of the left ventricle. In 10 patients 
this led to rapid improvement, but the other 6 
died from progressive heart failure. The prog- 
nosis depended mainly on prompt surgical in- 
tervention: reopening was successful in most 
patients (8 of 10) when it was performed before 
massive pulmonary edema developed; mortality 
was high (4 of 6) when surgical therapy was 
delayed. 

All patients who survived the operation 
underwent reexamination three months post- 
operatively and at yearly intervals thereafter. In 
6 patients, heart catheterization was performed 
one to three years postoperatively. One of these 
patients underwent reoperation for complete 
closure of the defect because of a high residual 
shunt volume; this procedure was well toler- 
ated. Another patient, a 53-year-old woman 
who had been suffering from congestive heart 
failure preoperatively, gradually developed 
signs of increasing left and right ventricular fail- 
ure in the years following operation. In the re- 
maining 8 patients long-term follow-up has 


shown good results. 


Statistical data on the 16 patients were com- 
pared to those on a control group consisting of 
100 patients who had isolated ASD. 


Results 


Evaluation of the possible causes contributing to 
acute left ventricular failure in this group of pa- 
tients revealed the following facts. There was a 
significant prevalence (6996) of patients 10 years 
of age or younger compared with the control 


37 Beyer: Atrial Septal Defect 


group (24%) (p < 0.003); a second, less promi- 
nent peak was seen in the 41- to 50-year age 
group (Fig 1). The pertinent history was unre- 
markable in 14 patients. Only 2 patients, both 
adults, had been suffering from heart failure 
preoperatively. Except for a patient who had an 
ostium primum defect, the ASD was of the se- 
cundum type in all patients. A large ASD was 
seen in only 4 patients. Slight mitral stenosis, 
without hemodynamic significance, was found 
in 1 patient during operation. Ten patients (8 
children and 2 adults) had unusually small left 
ventricles; 5 were severely hypoplastic. Several 
times, hypoplasia of the aorta was an additional 
finding. 

In this study, the term hypoplastic is used for 
all ventricles which, on the basis of preoperative 
cineangiograms (Fig 2) or intraoperative find- 
ings, were found to be markedly smaller than 
those seen in other patients with an ASD; in 2 
fatal cases this estimation of left ventricular vol- 
ume was confirmed at postmortem examination. 
However, exact calculation of the volume was 
not possible for two reasons. Cineangiograms 
had not been performed routinely, as measure- 
ment of intracardiac pressures and oxygen sat- 
uration appeared to provide sufficient in- 
formation for establishing the diagnosis of an 
isolated ASD. Second, the cineangiograms per- 
formed in 5 patients were not suitable for cal- 
culating left ventricular volume because of lack 
of a reference grid [11] or exact data regarding 
tube-to-object and tube-to-film distances [1, 7, 


Fig 1. Age distribution of patients with an 
isolated ASD (controls) and patients with acute 
left heart failure (LHF) after surgical closure of 
an ASD. 
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13] to permit correcting for roentgenographic 
distortion and magnification. 

The incidence of left ventricular hypoplasia 
was noticeably less in the control group than in 
the study group: only 12% of the ventricles were 
classified as small and none as severely hypo- 
plastic, compared with 5 ventricles in each cate- 
gory (= 62%) in the study group (Table 1). It is 
noteworthy that 1 control group patient whose 
ventricle had been classified as small died from 
acute left heart failure with frank pulmonary 
edema 24 hours postoperatively. For reasons 
that could not be evaluated from the records, no 
attempt was made to treat his heart failure by 
reopening the ASD. None of the other control 
subjects developed signs of acute left ventricular 
failure during or after operation. Only 2 patients 
temporarily suffered from low cardiac output, 
but this was induced by severe hypovolemia 
and extreme tachycardia, respectively; there was 
no evidence of backward failure. 


Hemodynamic Data 


Preoperatively the left-to-right shunt volume, 
expressed as percentage of total pulmonary 
blood flow, ranged from 35 to 80% (mean, 59 + 
24%); this value did not differ from that of the 
controls (60 + 13%). Light to moderate pulmo- 
nary hypertension was present in approximately 
two-thirds of the patients, with almost the same 
incidence in the control group (Table 2). Average 
systolic pulmonary artery pressure was 36 + 15 
mm Hg in the study group and 32 + 11 mm Hg in 
the control group. 

In the study group the preoperative cardiac 
index, as determined by the Fick principle, was 
2.73 + 0.56 liters per minute per square meter of 
body surface area for children and 3.74 + 1.63 for 
adults. These values were 4.64 + 1.16 and 3.26 + 
1.10, respectively, in the control group. Thus, 
the children in the study group had a signifi- 
cantly lower catdiac index than those in the con- 
trol group (p « 0.001); the difference between 
the values determined for the adult patients in 
the two groups was not significant. 

In the control group systolic arterial pressure 
measured at the beginning of the operation, 15 
to 30 minutes after closure of the ASD, and 1 
hour postoperatively was almost constant. Pa- 
tients with left heart failure showed, on the av- 
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Fig 2. Cineangiograms with line interpretations 
from a patient with ASD and left ventricular 
hypoplasia show marked difference between 
right (RV) and left (LV) ventricular volumes, 
with the left ventricle representing only a small 
part of total heart volume. (A) Anteroposterior 
view, end-diastole. (B) Anteroposterior view, 
end-systole. (C) Lateral view, end-diastole. (D) 
Lateral view, end-systole. (RA = right atrium; 
LA = left atrium.) x 


erage, a minor fall (—14%) in systolic pressure 
after closure of the defect; this change ranged 
from +10% to —3596. However, the mean values 
did not differ significantly from the controls at 
any time (Fig 3A). 

Central venous pressure (CVP) was monitored 
during operation and for up to three days post- 
operatively. According to these data, hyper- 





volemia may have played a role in 2 patients in 
whom CVP temporarily rose to 13 and 15 mm 
Hg, respectively. In both patients, however, the 
left ventricle was hypoplastic. On the other 
hand, mean values for CVP measured before and 
during the development of left ventricular fail- 
ure did not differ significantly from values ob- 
tained in the control subjects (Fig 3B). 
Following closure of the ASD, a slight to 
moderate increase in mean left atrial pressure 
was seen in almost all control patients; the aver- 
age pressure rose from 6.8 + 2.5 to 11.1 + 4.2mm 
Hg. In contrast, the patients with acute left heart 
failure showed a sharp increase, from an average 
of 6.8 + 2.1 to 25.7 + 8.2 mm Hg. When the 
defect was partly reopened there was a marked 
fall to 12.6 + 4.3 mm Hg. The difference between 
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Recatheterization was performed in 6 of the 10 
patients who survived operation. A summary of 


nificant (p < 0.001) (Fig a) intracardiac pressures, cardiac index, and left- i 


the values measured after closure of the defect in 
the two groups of patients was statistically sig- 
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Table 1. Semiquantitative Estimation of Left 
Ventricular Volume in Control Patients 

and Study Group 
Pl 


Left Ventricular Volume 





Severely 
Patient Group Normal Small ^ Hypoplastic 
Controls 88% 12% 0% 
(N = 100) 
Study group 6 5 5 
(N = 16) (= 38%) (= 31%) (= 31%) 


to-right shunt volume in these patients is given 
in Figure 4. The condition of 1 of these patients, 
who had been suffering from beginning heart 
failure preoperatively, had deteriorated in the 
interim; clinically and hemodynamically there 
was evidence of increasing left and right ven- 
tricular failure. The other 5 patients were in good 
clinical condition. Hemodynamic data invar- 
iably showed a tendency toward normal values 
or remained within normal limits. In 1 of these 
patients, however, the residual ASD apparently 
had increased in size: left and right atrial pres- 
sures were almost identical, and the left-to-right 
shunt volume was 50% of total pulmonary blood 
flow. This patient underwent reoperation for 
complete closure of the defect seven years after 
the initial procedure; no complications occurred 
during or after this operation. In another pa- 
tient, recatheterization failed to reveal evidence 
of a persisting interatrial communication; spon- 
taneous closure of the residual defect was 
thought to have occurred secondary to post- 
operative bacterial endocarditis. Cineangio- 


Table 2. Preoperative Systolic Pulmonary Artery 
Pressure in Control Patients and Study Group 


————————— 
Systolic Pressure (mm Hg) 
ose ERNIE, dupti cR... NN 


. Patient 


Group S25 26-50 51-75 S79 


Controls 32% 62% 5% 1% 


(N = 100) 
Study 


group 
(N = 16) 
—$——— 


6 (=38%) 8 (=50%) 2(=12%) 0 


grams in 3 of these patients showed a normal or 
near-normal left ventricular volume. 


Comment 


A review of our records showed acute left heart 
failure to be one of the severe, although rare, 
complications that occur after surgical closure of 
an ASD. In a group of 16 patients this complica- 
tion was treated by partial reopening of the de- 
fect. In 4 of these patients hypervolemia or 
preoperative congestive heart failure may have 
contributed to the complication; however, in 
these as well as the remaining 12 patients, an 
additional anatomical anomaly such as left ven- 
tricular hypoplasia was evident or, retrospec- 
tively, should have been taken into considera- 
tion (Table 3). 

It is interesting that the hemodynamic mech- 
anism of acute left ventricular failure after clo- 
sure of an ASD has received so little attention 
even though left ventricular hypoplasia in these 
patients is well known to cardiologists. Cooley 
and Hallman [5] mentioned pulmonary edema 
as the most important postoperative complica- 
tion, but they considered massive overtransfu- 
sion or severe pulmonary hypertension as its 
main cause. Gerbode and associates [9] lost 1 of 
77 patients, a 3-year-old girl who had developed 
pulmonary congestion. Sellers and colleagues 
[17] and Spencer [18] emphasized the impor- 
tance of hypertension for the development of 
acute cardiac failure. On the other hand, pulmo- 
nary hypertension alone would hardly be ex- 
pected to lead to this complication. Only 2 of our 
patients had suffered from moderate hyperten- 
sion preoperatively (systolic pressure, 51 to 75 
mm Hg). The rest of the group had had normal 
(N — 6) or slightly elevated (N — 8) pulmonary 
artery pressure. 

Left ventricular hypoplasia of varying degrees 
with major reduction in the end-diastolic vol- 
ume, stroke volume, and cardiac index has been 
a common finding in patients with an ASD [10, 
13, 15], in infants and children [10, 13], and in 
adults [15]. It is not clear if this finding repre- 
sents a primary congenital defect which, as an 
obstructive anomaly of the left side, may lead to 
an acquired ASD, as suggested by Tandon [19]: 
pressure overload of the left atrium could result 
in stretching of the atrial septum, including the 
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Fig 3. (A) Systolic arterial pressure (Pan), (B) 
central venous pressure (CVD), and (C) mean 
left atrial pressure (Py 4) before and after 
closure of ASD in patients with acute left heart 
failure (solid lines) and controls (dashed 
lines). 


valve of the foramen ovale, gradually yielding an 
ASD. On the other hand, left ventricular hypo- 
plasia could be considered the result of a con- 
stantly diminished filling volume secondary to 
the left-to-right shunt [15]. 
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Regardless of the mechanism leading to an 
ASD, the left ventricle shows poor adaptation to 
a sudden increase in preload. Popio [15] showed 
that administration of 10% dextran increased 
the end-diastolic pressure twofold with “‘mini- 
mal, if any, increase in end-diastolic volume 
index." This is thought to reflect markedly re- 
duced distensibility of the left ventricle. These 
results are paralleled by our observations: signs 
of backward flow through the left ventricle were 
the most prominent findings, whereas systemic 
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Fig 4. Preoperative and postoperative (one to 

three years) hemodynamic data in patients who 

had partial surgical closure of ASD. (Pra = 

mean right atrial pressure; Py 4 = mean left 

atrial pressure; Pay = systolic right ventricular 
pressure; Ppa = systolic pulmonary artery 

. pressure; CI = cardiac index.) 


arterial pressure usually changed only little in 
the early phase of the complication. 

To date, these findings have not been corre- 
lated with the acute left heart failure occasionally 
seen after closure of an ASD. It is our belief that 


the sudden removal of the left-to-right shunt 


exposes the left ventricle to a sudden increase in 
preload which, in combination with the di- 
minished distensibility of the chamber, may 


60 


40 


20 


cause severe backward flow and consequently in- 
duce the vicious cycle of pulmonary edema- 
hypoxia-increasing heart failure. Infants and 
young children appear to be especially sensitive 
to this mechanism, possibly because of the rela- 
tively little exercise to which the heart has pre- 
viously been exposed. On the other hand, 
pulmonary hypertension may represent an 
additional risk primarily in older patients, in 
whom the discrepancy between performance of 
the right and left ventricles is increased because 
of the existing right ventricular hypertrophy. 
Older patients may be threatened by impaired 
myocardial performance, as evidenced by 
preoperative congestive heart failure and by ad- 


k 
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Table 3. Possible Causes of Acute Left Ventricular 
Failure after Closure of an ASD in 16 Patients 


Cause No. of Patients 
Left ventricular hypoplasia 10 
Alone 7 
With pulmonary hypertension 2 
and hypervolemia 
With pulmonary hypertension 1 


and preoperative congestive 
heart failure 


Pulmonary hypertension and 1 
preoperative congestive 
heart failure 


Unknowr 5 


ditional, although mild, stresses such as hyper- 
tension, atrial fibrillation, or mitral regurgita- 
tion [15]. 

The fact that subnormal left ventricular vol- 
ume is acommon finding in ASD but that acute 
left heart failure is a relatively rare complication 
after closure of the defect suggests that indi- 
vidual factors play an important role in this re- 
gard. First, the degree of hypoplasia appears to 
determine the tolerance to a sudden change in 
the hemodynamic pattern. Second, the degree of 
impairment of left ventricular distensibility due 
to possible degenerative changes of the myocar- 
dium [8], as wellas the size of the left atrium and 
the anatomy and function of the mitral valve, 
will additionally influence the performance of 
the left heart. Whereas exact assessment of these 
three factors may be difficult, the size of the left 
ventricle can be estimated reliably from a 
routine cineangiogram and from intraoperative 
findings. If marked hypoplasia indicates a risk 
of cardiac failure postoperatively, left atrial pres- 
sure should be monitored carefully for up to two 
days. If, in the absence of hypervolemia, systolic 
pressure increases to 25 to 30 mm Hg or pulmo- 
nary edema develops, prompt surgical interven- 
tion appears mandatory. 
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Sinus Venosus Atrial Septal Defect: 
Early and Late Results Following Closure in 109 Patients 


E. Ross Kyger, III, M.D., O. Howard Frazier, M.D., Denton A. Cooley, M.D., 
Paul C. Gillette, M.D., George J. Reul, Jr., M.D., Frank M. Sandiford, M.D., 


and Don C. Wukasch, M.D. 


ABSTRACT The clinical course of 109 patients who 
underwent closure of a sinus venosus atrial septal 
defect is reviewed, with emphasis on the incidence, 
type, and severity of arrhythmias before and after 
operation. There were no operative deaths and only 1 
late death. No instances of obstruction of the superior 
vena cava were detected clinically. One patient had a 
probable hemorrhagic pulmonary infarction that 
cleared; another may have a persistent left-to-right 
shunt. Excellent results were achieved in 7296 of the 
patients, good results in 20%, fair results in 5%, and 
poor results in 3%. The type of arrhythmia, both 
before and after operation, varied with the age of the 
patient: younger patients had bradyarrhythmias, and 
older patients had tachyarrhythmias. Ten patients 
experienced persistent new arrhythmias postopera- 
tively, but none were disabled, required a pacemaker, 
or died. The arrhythmias in all severely symptomatic 
patients were supraventricular tachycardias that had 
occurred before operation. Although functional 
classification after operation was clearly related to 
age at the time of the procedure (with younger pa- 
tients having the best functional results), 19 of 21 
patients over age 40 were noticeably improved after 
surgical closure of the sinus venosus atrial septal 
defect. 


Atrial septal defect (ASD), a relatively common 
congenital cardiac defect, was the first to be re- 
paired using the pump oxygenator [3]. During 
the past twenty years, refinements in surgical 
technique for repair of these abnormalities have 
aided in lowering the operative mortality. The 
risk of death is no longer a májor deterrent to 
surgical repair, and attention is now properly 
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focused on the morbidity and quality of life fol- 
lowing correction. 

The sinus venosus atrial septal defect 
(SVASD) is an unusual variant that has occurred 
in approximately 10% of our patients with an 
ASD. The SVASD is located high in the atrial 
septum where the superior vena cava (SVC) en- 
ters the right atrium, and is commonly as- 
sociated with partial anomalous pulmonary ve- 
nous return. Others have studied the late results 
of closure of secundum ASD with special atten- 
tion to postoperative arrhythmias [8]. Repair of 
SVASD may be technically difficult because of 
its location adjacent to the SVC and sinus node 
and because of its frequent association with 
anomalous pulmonary venous drainage into the 
SVC. Because of the incidence of late ar- 
rhythmias, obstruction of the SVC, and incom- 
plete repair, the question has arisen whether 
these defects should be closed [1]. We have re- 
viewed our experience with this lesion in order 
to evaluate the early and late results of closure of 
SVASD, with special emphasis on arrhythmias. 


Materials and Methods 


Between July, 1956, and December, 1974, 109 
patients underwent closure of SVASD at our in- 
stitutions. The 58 male and 51 female patients 
ranged in age from 1 to 72 years with a median 
age of 14 years at the time of operation. All pa- 
tients underwent cardiac catheterization before 
operation. 

All defects were closed using total cardiopul- 
monary bypass. Six defects were closed primar- 
ily with an interrupted suture technique. 
Pericardial patches were used in 2 patients, and 
Dacron patch grafts were used to close the de- 
fects in the remaining 101 patients. In 6 patients 
the cavoatrial junction was enlarged with a 
pericardial patch so as to avoid obstruction of 
the SVC by the Dacron patch used to direct pul- 
monary venous return to the left atrium (Fig 1). 
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Fig 1. Eniargement of atriocaval junction with 
2ericardial patch to avoid obstruction of the 
superior vena cava by the Dacron patch used to 
direct pulmonary venous return to the left atrium. 


In 2 patients, small pulmonary veins draining 
high into the SVC were deliberately omitted 
from repair to avoid compromising the lumen of 
the SVC. Similar veins were ligated in 5 patients. 
A right upper lobectomy was performed in 1 
patient because of a large anomalous vein drain- 
ing too high into the SVC for patch diversion 
into the left atrium. 

seven patients had associated cardiac proce- 
dures performed concomitantly with closure of 
the SVASD. One patient each required a single 
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coronary artery bypass, a double coronary artery 
bypass, mitral and tricuspid annuloplasty, mi- 
tral valve replacement, aortic valve replacement, 
ligation of a patent ductus arteriosus, and clo- 
sure of an associated foramen ovale ASD. Two 
patients had a large, persistent left SVC that 
necessitated cannulation, and another 2 patients 
had major corondry artery disease not amenable 
to coronary revascularization. 

Clinical follow-up data were available for re- 
view on 75 patients who returned for reexamina- 
tion or from completed questionnaires directed 
to the patient and to the referring physician. The 
median follow-up time is five years. Preopera- 
tive and postoperative electrocardiograms were 
reviewed. Information regarding clinical classi- 
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fication, documented arrhythmia or symptoms 
of arrhythmias, medications, most recent elec- 
trocardiogram, murmurs, or other cardiac ab- 
normalities was obtained by examination or 
from the questionnaire. 

The surgical result is classified excellent if the 
patient no longer has symptoms or requires 
medication, corresponding to New York Heart 
Association (NYHA) Functional Class I. The re- 
sult is considered good if the patient is notice- 
ably improved (compared with preoperative 
status) but still requires cardiac medication or 
has occasional symptoms of arrhythmias; this 
corresponds approximately to NYHA Class II. 
The result is classified fair if the patient consid- 
ers himself or herself improved over the 
preoperative status yet remains symptomatic; 
this 1s roughly equivalent to Class III. The result 
is considered poor if the patient has experienced 
no improvement since operation and still has 
major cardiac symptoms; these patients, how- 
ever, are not necessarily in Functional Class IV. 


Results 


All patients survived operation and were dis- 
charged from the hospital. One known late 
death occurred. Eleven years after closure of the 
SV ASD this patient underwent mitral valve re- 
placement for ruptured chordae tendineae and 
myxoid degeneration of the mitral valve. Nine 


Fig 2. Relationship between patient age at the time of 
repair of sinus venosus atrial septal defect and even- 
tual clinical result. 
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months after this second procedure the patient 
died suddenly in his sleep. Results of postmor- 
tem study revealed no apparent cause of death. 
The patient had experienced atrial fibrillation 
before the mitral valve replacement, but during 
operation he had converted to normal sinus 
rhythm, which he maintained until death. Of 
the 75 patients available for follow-up, 7296 (54 
patients) were classified as having an excellent 
result, 2096 (15) had a good result, 596 (4) had a 
fair result, and 396 (2) had a poor result. 

The relationship between the patient's age at 
the time of repair and the eventual clinical result 
is shown in Figure 2. The median age for the 
entire series at the time of correction was 14 
years. Patients experiencing excellent results 
underwent repair at a median age of 9 years. 
This differed markedly from the median age at 
operation of patients achieving good (47 years), 
fair (46 years), and poor (45 years) results. A few 
older patients also had good or excellent results 
after repair, but there was a clear correlation 
between poorer clinical results with increasing 
age at the time of closure of the SVASD. 

Fifteen patients (1496) had demonstrated evi- 
dence of atrial arrhythmia before operation. The 
arrhythmia was documented by electrocardiog- 
raphy in 12 of the 15. Three patients com- 
plained of intermittent episodes of palpitations 
that were probably intermittent atrial flutter or 
fibrillation. The relationship between the type 
of preoperative arrhythmia and the age of the 
patient is shown in Table 1. The bradyar- 
rhythmias tended to occur in a younger age 
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Table 1. Preoperative Arrhythmias in 15 Patients 
Who Underwent Closure of SVASD 


No. of Age 
Type Patients (yr) 
Low atrial (coronary 5 6, 8, 10, 40, 40 
sinus rhythm) 
Junctional 1 7 
First-degree AV block 1 28 
Premature atrial 1 24 
contractions 
Atrial tachycardia 1 42 
Atrial flutter 1 45 
Atrial fibrillation 2 53, 73 
Palpitations 3 26, 37, 43 


AV = atrioventricular. 


group, and the tachyarrhythmias were more 
common in the older patients. The median age of 
patienis suffering from preoperative arrhythmia 
was 38 years in contrast to the median of 14 years 
for the entire series. 

Postoperative arrhythmias were documented 
in 23 patients (21%) (Table 2). Two patients 
complained of palpitations postoperatively 
without electrocardiographic documentation. 
These were assumed to be paroxysmal atrial flut- 
ter or fibrillation. Of the 23 patients, 13 (56%) 
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who had documented new atrial arrhythmias 
postoperatively reverted to normal sinus 
rhythm. Most reverted while still in the hospital 
convalescing from operation. One patient, a 
woman who was 49 years of age at time of opera- 
tion, has severe symptoms and currently re- 
quires hospitalization an average of once per 
year for control of atrial fibrillation that was not 
present preoperatively. A pericardial patch (see 
Fig 1) was inserted into the cavoatrial junction in 
this patient, and she has persistent pulmonary 
hypertension (Table 3, Patent 7). Tachyar- 
rhythmia has caused her difficulty for ten years. 
Thirty percent (2 of 6) of the patients whose 
cavoatrial junction was enlarged with a patch 
developed persistent new postoperative ar- 
rhythmias compared with an overall incidence 
of 1496 (10 of 75) persistent new postoperative 
arrhythmias. Another patient, a 6-year-old boy, 
was discharged from the hospital and returned 
to a foreign country in complete atrioventricular 
dissociation but asymptomatic. According to in- 
formation in a follow-up letter, seven years after 
operation the patient's heart was normal but he 
was having seizures, probably caused by a mal- 
formation of the central nervous system. There is 
a possibility that these are Stokes-Adams at- 
tacks. 

The median age of 18 patients with postopera- 


Table 2. New Postoperative Arrhythmias in 23 Patients Who Underwent Closure of SVASD 





Documented 
Return to Normal Persistent 
Sinus Rhythm Arrhythmia 
Type No. of Patients Age (yr) (No. of Patients) (No. of Patients) 
First-degree AV block 1 7 2i 1 
Coronary sinus or 10 4,4,4,4,5,8, 5 5 
low atrial rhythm 10, 14, 27, 35 
Nodal or junctional 6 1, 3, 6, 11, 3 3? 
rhythm I 20 
AV dissociation 1 42 l3 
Atrial flutter 1 46 1 boi 
Atrial fibrillation 4 8, 18, 43, 55 3 19 
Palpitations (not 2 26, 35 
documented) 
Total documented 23 13 10 


?One patient may be having symptoms because of the arrhythmia. 


’Clinically significant. 
AV = atrioventricular. 
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Table 3. Preoperative Pulmonary Hypertension in 7 Patients Who Underwent Closure of SVASD 


Patient No., Pulmonary Artery Pressure 





Age at (mm Hg) Arrhythmia 
Operation 
(yr), and Sex Preop Postop Preop Postop Clinical Result 
1. 27, F 75 systolic 60/25 None None Acute pulmonary edema 
postop resolved; persistent 
pulmonary hypertension at 
follow-up exam 1 mo postop; 
no further follow-up 
2. 46,M Mean pressure NA None Occasional Excellent at 12 yr 
43 PVCs 
3. 35, F 60/25 NA None None Excellent at 9 yr 
4. 42,F 76/53 100/50, Paroxysmal None Difficult postop course with 20 
3 yr atrial episodes of VF; improved 
postop tachy- symptomatically; no recent 
cardia follow-up 
5. 43, F 55/25 Normal Palpitations None Slight DOE 10 yr postop 
lyr 
postop 
6. 42,M 94 systolic (mild NA Palpitations AF con- Required MVR 11 yr later; died 
mitral verted 9 mo later; fair result during 
insufficiency) to NSR interim 
after 
MVR 
7. 49, F NA 72/12, 7 yr None AF 10 yr Normal heart size; improved, 
postop later but DOE; fair result 


NA = not available; PVC = premature ventricular contraction; VF = ventricular fibrillation; DOE = dyspnea on exertion; 
AF = atrial fibrillation; NSR = normal sinus rhythm; MVR = mitral valve replacement. 


tive bradyarrhythmias is 8 years, whereas that of 
patients with postoperative tachyarrhythmias is 
35 years. The median age of all patients ex- 
periencing postoperative arrhythmias is 14 
years; this corresponds to the median age at 
operation of 14 years for the entire series. 

Six patients had markedly elevated pulmo- 
nary artery pressure before operation (see Table 
3). All these patients were older when referred 
for operation, most being over 40 years of age. 
Of those available for follow-up, 2 patients have 
achieved an excellent result, 1 a good result, and 
another a fair result. Cardiac catheterization one 
month postoperatively revealed persistent pul- 
monary hypertension in 1 patient who was lost 
to follow-up. In another patient pulmonary 
hypertension had progressed to a dangerous 
level (100/50 mm Hg) three years after operation; 
unfortunately, this patient was also lost to 
follow-up. The preoperative pulmonary pres- 
sures of a seventh patient who underwent car- 


diac catheterization at another institution, al- 
though unavailable for review, were believed to 
have been elevated. At recatheterization seven 
years postoperatively this patient had a pulmo- 
nary artery pressure of 72/12 mm Hg and no 
residual ASD. This patient has been hos- 
pitalized several times because of arrhythmia 
and, although improved compared to the 
preoperative status, is classed as having a fair 
result. . 

Six other patients have been recatheterized at 
our institution. None has shown a persistent 
left-to-right shunt. One 7-year-old girl has a per- 
sistent grade 2-3/6 systolic murmur and slight 
cardiomegaly. Findings of right ventricular 
hypertrophy, noted on preoperative electrocar- 
diogram, have not resolved three years post- 
operatively. She has not been recatheterized but 
is assumed to have either a recurrent ASD or a 
residual anomalous vein draining to the right 
atrium. 
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Severity-six patients displayed abnormalities 
on one or more preoperative electrocardio- 
graphic recordings, including right ventricular 
hypertrophy, right axis deviation, or a right 
bundle-branch block pattern. Except for the 
7-year-old girl mentioned previously, all pa- 
tients whose electrocardiograms were available 
for review at least one year after operation 
showed signs of resolved right ventricular 
hypertrophy. The right bundle-branch block 
pattern tended to resolve itself more slowly, and 
a number of patients still exhibited this pattern 
on the last available electrocardiographic record- 
ing several years postoperatively. 

The morbidity associated with correction of 
SVASD is similar to that with other intracardiac 
procedures. One patient, a 50-year-old woman, 
suffered apparent air embolism resulting in 
transient hemiparesis and cerebral depression. 
She had a difficult postoperative course and re- 
quired tracheostomy for prolonged ventilatory 
support. She made a complete neurological re- 
covery and is asymptomatic fourteen years 
posioperatively. Another patient had several 
postoperative episodes of minor hemoptysis as- 
sociated with infiltration of the right upper lobe. 
A small pulmonary vein draining high into the 
SVC had been ligated, apparently resulting in 
hemorrhagic pulmonary infarction. The chest 
roentgenogram of this patient eventually re- 
turned to normal. Other patients experienced 
the usual incidence of postoperative fever, 
atelectasis, and discomforts. 


Comment 


This review was undertaken to evaluate answers 
to three questions. Are the complications of clo- 
sure of an SVASD such that repair should not be 
undertaken routinely? Are late arrhythmias 
caused by the surgical procedure, and are they 
disabling? Should repair be undertaken in older 
patients with elevated pulmonary pressure and 
advanced symptoms? 

We believe the answer to the first question is 
clearly provided in the data presented. There 
were no operative deaths and only 1 known late 
death. No instances of SVC obstruction oc- 
curred. Several of the patients who were lost to 
follow-up, especially those from foreign coun- 
tries, may have died later. However, our experi- 


ence clearly contrasts with the reported natural 
history of unrepaired ASD, in which death is 
reported to occur at an average age of 36 [9] to 49 
years [2]. With uncorrected ASD, the patient’s 
last years are usually marked by progressive 
disability from cardiac arrhythmias and conges- 
tive heart failure. Follow-up of our teenage pa- 
tients operated on up to twenty years ago re- 
vealed they have been spared this clinical course 
without severe surgical complications. 

Much has been mentioned in the literature of 
postoperative arrhythmias following closure of 
secundum ASD [4, 7, 11]. However, previous 
reports have neither categorized the SVASD 
separately nor focused on the nature and type of 
arrhythmias present preoperatively as opposed 
to postoperatively. The effect of the patient’s age 
on the type of preoperative or postoperative ar- 
rhythmia also has not been reported. There are 
no published randomized studies on occurrence 
of arrhythmia in operated as opposed to unoper- 
ated patients. 

Young [11], in a thorough study, reported a 
74% incidence of postoperative arrhythmia in 
children who underwent repair of secundum 
ASD. Eight percent (6 patients) of the children 
had nodal bradycardia that persisted for several 
years postoperatively, but half of these (3 pa- 
tients) were known to have reverted spontane- 
ously to normal sinus rhythm two, three, and 
nine years, respectively, after operation. In 
Young's patients who had persistent ar- 
rhythmias the incidence of SV ASD was 33 % (2 of 
6) compared with 14% (10 of 71) among his en- 
tire patient population. This tends to support 
the common opinion that difficulties in rhytnm 
are more frequent after repair of SVASD. This is 
generally assumed because of the proximity of 
the defect—and the required patch and suture 
line—to the sinus node [10], to the internodal 
tracts [5], and to the blood supply to the sinus 
node [61. 

In our series, fewer patients (10) were dis- 
charged from the hospital with a persistent new 
arrhythmia than those (15) who had an arrhyth- 
mia when they entered the hospital. Most of the 
bradyarrhythmias and low atrial rhythms pres- 
ent preoperatively tended to persist, whereas 2 
of 7 preoperative tachyarrhythmias persisted 
postoperatively. 
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Twenty-one patients in our series were over 
40 years of age at the time of closure of the 
SVASD, and although the operative results in 
terms of final classification were not nearly so 
good as in vounger patients, 9096 (19 of the 21) 
believed they were markedly improved com- 
pared with their preoperative status. As pre- 
viously noted, older patients tended to have 
tachyarrhythmias rather than bradyarrhythmias 
both before and after operation. In this age 
group, most patients with symptomatic tachyar- 
rhythmias preoperatively will have persistent 
arrhythmia requiring medication postopera- 
tively. Older patients with new tachyar- 
rhythmias postoperatively usually will revert to 
sinus rhythm. Thus, problems with arrhythmias 
present no contraindication to operation in older 
patients with SVASD. We believe that older pa- 
tients with SVASD should not be considered 
separately from patients with the more common 
secundum ASD and that they should undergo 
surgical repair with expected benefit in most 
cases, even though the patient may be in an 
advanced stage of decompensation. The pres- 
ence of pulmonary hypertension is not a con- 
traindication to operation unless the pulmonary 
resistance appears fixed at a level equal or close 
to systemic resistance and there is a major right- 
to-left shunt. Pulmonary hypertension increases 
the operative risk, however, and offers another 
reason for repairing these defects early. 
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Tetralogy of Fallot with 


Subpulmonary Ventricular Septal Defect 


Rodolfo Neirotti, M.D., Eduardo Galindez, M.D., Guillermo Kreutzer, M.D., 
Alberto Rodriguez Coronel, M.D., Miguel Pedrini, M.D., and Luis Becu, M.D. 


ABSTRACT Among a total of 608 patients with te- 
tralogy of Fallot, 35 with tetralogy and subpulmonary 
ventricular septal defect (VSD) have undergone 
intracardiac repair at the Children's Hospital, Buenos 
Aires. The crista supraventricularis was absent in 
62.9% of these patients; it was hypoplastic in 37.1%. 
Only 3 patients (8.6%) were severely cyanotic and 
required operation in infancy. The main and left and 
right pulmonary arteries were relatively large in all 
but 1 patient. Nevertheless, patch-graft enlargement 
across the pulmonary valve ring was necessary in 20 
(57.1%). We believe that closure of the subpulmonary 
VSD increases the apparent severity of the pulmo- 
nary stenosis and necessitates patch-graft enlarge- 
ment in patients in whom the appearance of the right 
ventricular outflow tract before repair would not have 
suggested its need. 


A form of tetralogy of Fallot that has special 
features of considerable surgical importance is 
that in which the large ventricular septal defect 
(VSD) is located in the subpulmonary position 
rather than beneath a well-developed crista su- 
praventricularis. The tendency for severe residual 
stenosis to persist after a seemingly adequate 
repair makes management of the pulmonary 
stenosis in this group difficult. 

From 1964 to July 1, 1976, 608 patients, 35 
(5.8%) of whom had subpulmonary VSD, 
underwent surgical correction of tetralogy of 
Fallot. This report emphasizes certain features of 
this subset that are different from those in pa- 
tients with “classic” tetralogy of Fallot; in par- 
ticular, the surgical procedures necessary for re- 
lieving the pulmonary stenosis are presented. 
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Material and Methods 


Thirty-five patients ranging in age from 3 to 17 
years (mean, 5 years) andin weight from 13 to 53 
kg (mean, 19 kg) were studied and operated 
upon between August, 1964, and July 1, 1976. 
Arterial oxygen saturation in this group was be- 
tween 47 and 96% with a mean of 84%. The 
usual clinical, electrocardiographic, radiologi- 
cal, and angiocardiographic studies were done. 
Each patient satisfied the criteria for diagnosis of 
tetralogy of Fallot [1, 4, 8], having a large VSD 
beneath the aortic valve (if viewed from the left 
ventricular side) with varying degrees of aortic 
overriding of the VSD (biventricular origin of 
aorta), pulmonary stenosis of moderate or severe 
degree resulting in similar peak pressures in 
right and left ventricles, and right ventricular 
hypertrophy. 

The open operations were done through a 
median sternotomy using cardiopulmonary 
bypass. A transverse right ventriculotomy was 
made in 11 patients and a vertical one in the right 
ventricular outflow tract in the remaining 24. 
The VSD was closed with a patch. In recent 
years, patch-graft enlargement with pericar- 
dium has been performed when the small size of 
the pulmonary valve ring (estimated by passing 
calibrated Hegar dilators after infundibular re- 
section and pulmonary valvotomy) seemed to 
indicate the need for it. 

Follow-up information, obtained from outpa- 
tient clinic records, are available'in 27 of the 30 
patients who survived operative repair. Confi- 
dence limits (CL) were calculated as described 
by Blackstone and colleagues l4; 4]. 


Results 
Anatomical Features 
All patients had situs solitus of the viscera and 
atria, atrioventricular concordant connection, 
and [S,D,D] hearts according to Van Praagh's 
convention [9]. 

The large VSD, which is subaortic, lay farther 
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Fig 1. (A) “Classic” tetralogy of Fallot. The VSD 
and aortic valve are separated from the pulmonary 
valve by the criteria supraventricularis. (B) When 
the VSD is subpulmonary the defect extends up to 
the pulmonary valve, the crista supraventricularis 
is absent or hypoplastic, and the aortic valve is near 
the pulmonary valve. 


below the right coronary cusp than in classic 
tetralogy of Fallot, in which it tends to be 
situated beneath the commissure between the 
right and noncoronary cusp. The aortic valve 


Fig 2. Operative photograph showing the 
ventricular septal defect extending to the pulmonary 
valve ring (arrows). (p = pulmonary valve cusp.) 
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was in the usual positional relationship to the 
pulmonary valve, being posterior and to the 
right of it. However, these two valves were adja- 
cent to each other, in contrast to the situation in 
classic tetralogy (Fig 1). The VSD in these in- 
stances was either immediately adjacent to the 
pulmonary valve cusp (22 patients, Fig 2) or 
separated from the pulmonary valve by a fine, 
thin ridge of fibrous tissue (13 patients, Fig 3). 


Fig 3. Operative photograph showing a fine, thin 
ridge of fibrous tissue (arrow) separating the 
aortic cusps (a) from the pulmonary valve cusps (p). 
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We assumed that the crista supraventricularis 
was absent in the first group and hypoplastic in 
the second. 

The parietal and septal bands were identifi- 
able and displaced, but they did not join to- 
gether beneath the pulmonary valve to form a 
muscular arch, or crista supraventricularis (Ta- 
ble 1). Their size and arrangement appeared to 
contribute to the pulmonary stenosis in all pa- 
tients except 1, who had pure valve stenosis. 
These anatomical features are also evident from 
angiocardiographic studies (Fig 4). 

Six patients (17.1%) had a tricuspid pulmo- 
nary valve, not greatly different from the inci- 
dence reported by Goor and Lillehei [6] in classic 
tetralogy of Fallot. Varying degrees of pulmo- 
nary valve stenosis were present, but in only 1 
patient was the stenosis restricted to the valve. 
Again, in contrast to the situation in classic te- 
tralogy of Fallot, the main and right and left pul- 
monary arteries were normal or large in size 
except in 1 patient who had localized supraval- 
vular narrowing of the main pulmonary artery. 
In all but this patient, the ratio of the diameter of 


Fig 4. (A) Selective right ventriculogram of a patient 
with classic tetralogy of Fallot. Arrow indicates the 
negative shadow of the well-formed crista 
supraventricularis. (B) Selective right 
ventriculogram in a patient with tetralogy of Fallot 
and subpulmonary ventricular septal defect. The 
contrast medium present passes through the anterior 
ventricular septal defect (arrows) into the left 
ventricle and aorta. (Ao — aorta; PA — pulmonary 
artery.) 


Table 1. Clinical Features of Tetralogy of Fallot 
with Subpulmonary VSD in 35 Patients 


e —— M —— 


No. of Patients 


Condition (90) 
Cyanosis 
Severe 3 (8.6)? 
Mild or moderate 20 (57.1) 
Absent 12 (34.3) 
Narrowing of main or right and 1 (2.9) 
left PA 
Crista supraventricularis 
Absent 22 (62.9) 
Hypoplastic 13 (37.1) 
Pulmonary valve" 
Bicuspid 29 (82.7) 
Tricuspid 6 (17.1) 


LS 


“These 3 required Blalock-Taussig anastomosis in infancy. 
"Isolated pulmonary valve stenosis was present in only 1 
patient. 


PA = pulmonary artery. 


the pulmonary artery to that of the aorta, as 
measured at operation, was greater than 0:4. 


Clinical Features 


In contrast to classic tetralogy of Fallot, only 3 
(8.6%; 70% CL 3.8096, 16.50%) of the 35 patients 
had severe cyanosis requiring surgical treatment 
in infancy. These patients were initially treated 
by palliative Blalock-Taussig anastomosis (Table 
2); 120 of the 573 patients (20.9%; 70% CL 
22.85%) whose classic tetralogy we 


19.15%, 
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Table 2. Results of Repair for Tetralogy 
of Fallot with Subpulmonary VSD in 35 Patients 


——————— MM 
Hospital Deaths 





No. of 9o of 
Procedure Patients No. Total 
——— Más Á—Ó—(Ó( ÁN bci 
Primary repair 32 5 15.6 
Previous Blalock- 3 
Taussig 
anastomosis 
Total 35 - 14.3 


have corrected had had preliminary palliative 
operations (p — 0.077 by chi-square analysis). 
This correlates with the rarity of associated nar- 
rowing of the main and right and left pulmonary 
arteries and the infrequency of severe cyanosis 
(see Table 1) in this group of patients. 


Surgical Features 


Five (14.3%) of the 35 patients died early (within 
30 days) postoperatively. One death was from 
infection; 4 were from low cardiac output and 
severe residual right ventricular hypertension in 
patients who did not undergo patch-graft en- 
largement across the pulmonary valve ring. 
Postmortem examination in these 4 patients re- 
vealed severe residual pulmonary stenosis. 
Three patients were managed in the period prior 
to January 1, 1970, when the mortality rate was 
37.5% (3 deaths among 8 patients) compared 
with 7.4% since that date (2 deaths among 27 
patients). About that time we realized that in 
this group of patients simple observation of the 
anatomy preoperatively and at operation was 


misleading concerning the need for patch-graft 
enlargement across the pulmonary valve ring, 
and that a right ventricular outflow tract that 
seemed adequate after simple infundibular re- 
section and valvotomy often was not. Overall, 
20 of the35 patients (57.196) received patch-graft 
enlargement across the pulmonary valve ring 
(Table 3) compared with 131 of 573 patients 
(22.9%) with classic tetralogy of Fallot (p — 0.02 
by chi-square analysis). 


Late Results 


No late deaths have occurred. All 27 patients 
followed late postoperatively for periods of six 
months to ten years have remained well. Clinical 
evidence of mild to moderate pulmonary valve 
incompetence was found in 15 patients, all of 
whom had received patch-graft enlargement 
across the pulmonary valve ring. 

A residual VSD with moderate left-to-right 
shunting was diagnosed clinically in 2 patients. 
Two patients have developed roentgenographic 
evidence of moderate-sized but stable aneu- 
rysms of the pericardial patch that was used in 
enlargement of the right ventricular outflow 
tract. 


Comment 


This group of patients has been referred to by 
various phrases. We originally used the term 
"tetralogy of Fallot with agenesis of the crista 
supraventricularis” [1,5], and we still might pre- 
fer "tetralogy of Fallot with absent conus sep- 
tum.” Some have described the VSD as being 
intracristal in position; others, supracristal. We 
have acceded to the simple, nonembryological, 


Table 3. Advantages of Patch-Graft Enlargement of Pulmonary Valve Ring 
for Tetralogy of Fallot with Subpulmonary VSD in 35 Patients 


Se 


No. of 


Procedure Patients (N = 35) 


Patch-graft enlargement 20 


across PVR 
Others? 15 
Total 35 100.096 


% of Total Group 


57.1% (CL 47.0%, 66.8%) 1 


42.9% (CL 33.296, 53.0%) 4 


Hospital Deaths 





No. % of Group 
5.0% (CL 0.6%, 16.0%) 


26.7% (CL 14.0%, 43.2%) 
5 14.3% (CL 6.1%, 23.1%) 


“Four of these (no hospital deaths) had patch-graft enlargement in the ventriculotomy alone. 


PVR = pulmonary valve ring. 
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but descriptive terminology of "tetralogy of 
Fallot with subpulmonary VSD.” It must be un- 
derstood that the VSD is also subaortic, as it isin 
classic tetralogy of Fallot, but it is not infracris- 
tal. 

The pulmonary stenosis in this group of pa- 
tients is less severe preoperatively than that in 
most patients who have classic tetralogy of 
Fallot. The right ventricular outflow tract is 
larger in diameter than in the classic type, and 
usually the main and right and left pulmonary 
arteries are larger than in most patients with 
classic tetralogy. 

Preoperative angiocardiography should pro- 
vide an accurate and proper diagnosis (see Fig 
4). On angiocardiography the pulmonary 
stenosis usually seems only mild or moderately 
severe anatomically, although peak pressure in 
the two ventricles is similar and right-to-left 
shunting occurs. Certain forms of double-outlet 
right ventricle with pulmonary stenosis may be 
easily confused with this subset of tetralogy of 
Fallot, but absence of mitral-aortic continuity 
usually provides identification of double-outlet 
right ventricle. 

An important reason for making the proper 
diagnosis, preferably preoperatively but at least 
at operation, has to do with its surgical implica- 
tions. Despite the fact that the anatomical ap- 
pearance is usually that of mild or moderate 
pulmonary stenosis, we have had a high mortal- 
ity rate. Paradoxically, this has been primarily 
from unrelieved pulmonary stenosis in our early 
experience, when we rarely used patch-graft en- 
largement in this group of patients. Sub- 
sequently we recognized the problem, and we 
have found patch-graft enlargement across the 
pulmonary valve ring to be indicated in 57.196 of 
our patients. Imai and colleagues [7] and 
Kirklin* have also found that this subset of pa- 
tients requires patch-graft enlargement across 
the pulmonary valve ring in a surprisingly high 
proportion, considering the appearance of the 
right ventricular outflow tract. We believe that 
the subpulmonary VSD enlarges the pathway 
through the right ventricular outflow tract, or at 
least provides left ventricular outflow relatively 
unobstructed access to the pulmonary artery. 
Actually, the resistance to right ventricular out- 


*Kirklin JW: Personal communication, 1977. 


flow may be as high preoperatively as after re- 
pair of the VSD but be masked by the contribu- 
tion of the left ventricle to pulmonary blood 
flow. When the VSD is closed surgically, the 
pulmonary stenosis somehow tends to become 
more severe, and therefore patch-graft enlarge- 
ment across the ring is often indicated. 

We believe that in this group of patients a 
vertical ventriculotomy in the outflow portion of 
the right ventricle should be made routinely. 
This facilitates patch-graft enlargement across 
the pulmonary valve ring in those patients 
whose outflow tract and pulmonary valve ring 
are too small after the VSD has been repaired and 
infundibular resection and pulmonary val- 
votomy have been performed. 

The posterior portion of the VSD often lies 
more anterior than in the classic form of tetral- 
ogy of Fallot with ventricular septal tissue be- 
tween the defect and tricuspid valve. Because 
the bundle of His is posterior and inferior to the 
VSD when itis so situated, sutures can be placed 
along the edge of the VSD. Care must be taken to 
avoid damaging pulmonary and particularly 
aortic valve cusps, as the suture line between the 
patch and the edge of the VSD is carried an- 
teriorly, where only a fibrous ridge or a delicate 
“annulus” between the aortic and pulmonary 
valves is available to receive the sutures. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-fifth Annual Meeting of the South- 
ern Thoracic Surgical Association will be held at 
the South Hampton Princess Hotel, Bermuda, 
on Nov 9-11, 1978. There will be a $100 registra- 
tion fee for nonmember physicians except for 
guest speakers, authors and coauthors on the 
program, and residents. 

Members wishing to participate in the scien- 
tific program should submit abstracts in tripli- 
cate, by June 1, 1978, to Harvey W. Bender, Jr., 
M.D., Department of Surgery, Vanderbilt Uni- 
versity, Nashville, TN 37203. Abstracts should 
be double-spaced on one side of one sheet of 


paper, with a 1-inch left margin, and limited to 
200 words. All slides used during the presenta- 
tion must be 35 mm. The abstract must list a 
member as coauthor. Manuscripts of accepted 
papers must be submitted to The Annals of 
Thoracic Surgery by Oct 15, 1978. 

Applications for membership should be com- 
pleted by Sept 1, 1978, and forwarded to Ronald 
F. Galloway, M.D., 1467 Harper St, Augusta, GA 
30902. 


J. Kent Trinkle, M.D. 
Secretary- Treasurer 
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Sarns Curved Left Heart Vent Catheter ; 
has preformed curve for easier insertion through 
the mitral valve. 




















For use in venting the entire left heart during 
cardio-pulmonary by-pass. Entrance is made at the 
. juncture of the right superior pulmonary vein with 
the left atrium. 
The catheter has a long perforated venting 


length of 4.5" (11.4cm) which minimizes the risk of 
occlusion of the catheter. 


Other features are an attached tube connector 
and marking rings for indicating insertion depth. 


Sarns offers three vents for alternate 


techniques: 
E. The Curved Left Heart Vent Catheter 
& The Atrial Vent Catheter, with stylet 


The Left Ventricular Vent Catheter, 
with stylet 


Refer to the individual product in- 
sert sheets for details on each vent 
and techniques, including warn- 
ings and precautions. 


Send copy of this ad with name and 
address for complete information 
on Sarns Catheters. 
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Mill-Rose bronchial culture | 
gathering instruments / 
greater capabilities 







Three diameters of cellular sampling brush tips 
...1.72mm, 3mm and 5mm... now greatly widen 

the sampling spectrum of Mill-Rose Brushing Instruments for 
gathering cellular samples from the bronchial and esophageal areas 
under controllable conditions. 

The three sizes of brushing tips are bristled with nylon strands 
selected for their resilience, softness, and flexibility. They are medically 
designed to obtain in-depth samples with a minimum of irritation to the 
organic surface. The surgical grade stainless steel wire and nylon bristles -f 
are impervious to autoclaving. Disposable brushes are readily inserted A | 
snugly into the reusable Mill-Rose bronchial culture instrument under 
sterile operating conditions. 

The Mill-Rose unit allows the chest and thoracic regions to be 
sampled without surgery and the dangers of inserted-needle explora- 
tion. All maneuvers are readily followed by X-ray observation. 


Bronchofiberscope Cleaning Kit 


Cleaning Kit includes two nylon brushes to fit snugly and assure maximum 
scrubbing action on both insertion and withdrawal. Brushes can be 
Sterilized and re-used. Brushes are 2.3 and 3.2mm. Entire kit is packed in 
a sturdy case. 


For information, 


Send me additional information on: 


C Bronchial (Fennessy Cytology LJ Gastrointestinal Cytology Brush 
Brush with sheath. with sheath. 


(J Mill- Twist Cytology Brush with (J Bronchial Cytology Instrument. 
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rendering on the front cover of an actual 
photograph made through a bronchofiberscope. 


As illustrated on this page the Argyle Aero Fio 
Tip Suction Catheter minimizes tissue grab and 
resultant damage. The aerodynamically designed 
tip prevents the side eyes from contacting wall 
of airway to assure efficient aspiration with 
minimal tissue damage. 


Unretouched section of film 
shown in artist's rendering. 
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-Aero-Flo Tip...the suction 
- catheter proven to 
minimize tissue grab. 


Air is drawn into the catheter through the end hole and around the integral 
r ing into the side eyes. This pattern creates an air cushion which tends to 
center the catheter in the airway and minimizes invagination of tissue. The 
ring is a physical barrier that holds the eyes away from delicate mucosa. 
if bronchial bifurcation is contacted, the four side eyes vent the end hole 
and reduce tip suction to safe levels. 





é ACTUAL PHOTO COMPARISONS OF THE PERFORMANCE OF 
LEADING SUCTION CATHETERS AFTER SIX HOURS OF CONTROLLED SUCTION 
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Pharmaseal Tri-Flo* National Catheter 
Gentle-Flo* 





Bard Parker Reg-U-Vac* Argyle Aero-Flo* 


Unretouched photographs taken during a 
controlled study comparing the effects of 
suction catheters on the mucosa of mongrel 
dogs with tracheobronchitis show marked 
differences in gross appearance. Suctioning 
was performed at vacuum levels of 100 and 
180mm of Hg using interrupted suctioning 


(A) 


technique. Dogs on which suction was per- 
formed with standard catheters suffered 
scattered lesions ranging from edema and 
hyperemia through mucosal ulceration and 
hemorrhage. Gross examination failed to re- 
veal damage with the Argyle Aero-Flo Tip 
Suction Catheter. 


(C) 


(B) 





In a separate study — tracheobronchial mucosae sectioned and stained 
with hematoxylin and eosin after six hours of controlled suction show 
effects of various suction catheters on tissues. Standard 14 Fr. end 
hole-side eye suction catheter sections (A) and (B) reveal tissue damage. 
The 44 Fr. Argyle Aero-Flo Tip Suction Catheter section (C) shows normal 
mucosal and submucosal layers* The tissue trauma means extra days 
in the hospital to the patient, more care and concern to the nurse. 


*Sackner, M. A., et al. Pathogenesis and prevention of tracheobronchial damage with 
suction procedures, Chest 64: 284-290, September 1973. 
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Increased patient safety, 
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e 


Everything required for sterile suctioning procedure is ready for use. 
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fit any sterile suctioning procedure. The Argyle Aero-Flo Tip Suction 
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Ask your Argyle representative. Or write to Dept. A.K. 
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How would you improve 
the predictability of 
« today’s pulse generator? - 






e With a more dependable 
power source? 


) * With special circuitry? 
e With a triple hermetic seal? 


* With two voltage | 
depletion indicators? | 


e With low specific gravity? 


N * With less risk of 
| product failure? 





| M e With a “no-nonsense” 
4 oroduct guarantee? 
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Improved predictability with 
the only lithium thionyl 
chloride power source. 


Lithium thionyl chloride, with 
one of the highest energy 
densities presently known, 
permits a small, lightweight 
battery that is longer lasting 
than other cells of comparable 
size in any given application. 
Individual cell hermetic 
sealing and no generation of 
internal pressure contribute to 
the fact that there has not 
been areport of a single power 
source failure in clinical use(1). 


Improved predictability with 
specially designed circuitry. 
Developed specifically for 
use with our exclusive power 
cells, this circuitry offers long 
life and reliability. In fact, our 
power cells are electrically 
connected in atruly redundant 
fashion, which assures unin- 
terrupted operation even if 
one cell should fail (2). 


Improved predictability with a 
triple hermetic sealing 
process. 

The power cells, the elec- 
tronics, and the outer case of 
corrosion-resistant titanium 
are all individually hermet- 
ically sealed to provide dual 
protection and virtually isolate 
components from the invasion 
and migration of body fluids(3). 
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Improved predictability with 
two voltage depletion 
indicators. 

Both an automatic and mag- 
netic pulse rate provide 
advance warning of cell volt- 
age depletion. The magnetic 
rate begins to decrease a 
number of months prior to the 
automatic rate to provide 
ample replacement time (4). 


Improved predictability with a 
more natural specific gravity 
than most pulse generators. 
The specific gravity of 
ARCOlith™ pulse generators 
is just slightly greater than that 
of the body's tissues; thus, 
migration is minimized for 
added patient comfort. 


Improved predictability with 
an extended “burn-in” test. 
Prior to market release every 
unit must undergo 70 days of 
operation. This virtually 
eliminates initial implant 
failure and assures you and 
your patients of effective per: 
formance and long life (5). 
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The predictability of ARCOlith pulse generators has been 
so improved they carry a“no-nonsense’ product guarantee 


In essence: 

1. Should an ARCOlith pulse generator become 
defective for any reason up to and including 60 days 
following implant, we will replace it and pay a// 
reasonable surgical and hospital costs* 


*See warranty for specific details. 
tidealized graph based on extrapolated data. 


ARCOlith™ 12, 6, and 4 are now the trade names for pulse generator models LI-2, LI-4 and LI-3. 


2. Should an ARCOlith pulse generator become 
defective for any reason after 60 days up to the 
end of the warranty period* we will replace it and 
pay up to $200 in surgical and hospital costs? , 


















Every ARCOlith pulse generator 
offers you these 
predictable features: 


» Titanium and epoxy Casings 
proven corrosion resistant to body 
fluids and compatible with human 
tissue over long periods of time 


' EMI shielding, high-reliability 
filtering components, and special 
circuits help to protect against 
electromagnetic interference 


Higher interference rate than the 
basic pacing rate provides addi- 
tional protection against PVCs and 
competition, which may occur at 
lower levels 


High-input impedance enhances 
R-wave sensing 


Output stage contains voltage 
pulse doubler, which allows truly 
redundant power cells 


Visible temperature indicator 
informs whether unit has been 
subjected to excessive tempera- : 
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Repair of Aortic 


Coarctation in the First Year of Life 


Virginia M. Herrmann, M.D., Hillel Laks, M.D., Leonard Fagan, M.D., 
David Terschluse, B.S., and Vallee L. Willman, M.D. 


ABSTRACT Twenty-five infants under 1 year of age 
(mean, 10.3 weeks and 4.0 kg) underwent coarctation 
repair. Eight had ventricular septal defect (VSD), 3 
had transposition of the great arteries with VSD, and 
5 had severe tubular hypoplasia. One infant required 
mitral valve replacement, and 1 required repair of 
total anomalous pulmonary venous return. Fifteen 
had repair by primary anastomosis. Seven underwent 
Dacron or subclavian aortoplasty; the advantages and 
technique of angioplasty are reviewed. Three pa- 
tients required bypass grafts. 

Seventeen patients survived operation. All 5 pa- 
tients who had severe tubular hypoplasia died post- 
operatively. The mortality for repair of coarctation 
with VSD by simultaneous pulmonary artery band- 
ing was high; for coarctation with VSD we currently 
recommend repair without banding, followed by 
VSD closure if indicated. Three infants have been 
treated successfully in this manner, with early VSD 
closure in 1 and regression of the VSD during 
follow-up in 2. The 17 survivors have been followed 
for a mean of 41 months with 3 late deaths. Of the 17 
survivors, all of whom had a primary anasto- 
mosis, 3 have residual gradients. Of the 11 survivors 
who had preoperative hypertension, 6 are still hyper- 
tensive; 3 of these have a gradient between the upper 
and lower extremities. It is striking that3 have persis- 
tent hypertension despite repair under the age of 1 
year. 


Although the results continue to improve, in- 
fants who require repair of coarctation of the 
aorta in the first year of life present a considera- 
ble challenge. A large proportion of them have 
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associated cardiac defects that may cause or con- 
tribute to the cardiac failure. The mortality with 
nonoperative management in this situation is 
high [11]. Successful surgical repair of coarcta- 
tion of the aorta in infancy was performed in 
1952 [10]. The mortality of operative manage- 
ment has decreased recently, but it is reported to 
be between 17 and 45% [3, 6, 13]. Techniques of 
microvascular surgery and better methods of 
postoperative care have helped to improve the 
operative results. Various procedures have been 
attempted to avoid late stenosis at the anastomo- 
tic site [12, 18, 19]. The success of corrective 
operations in the first year of life raises ques- 
tions concerning the timing of intracardiac re- 
pair and the use of pulmonary artery banding for 
the frequently associated ventricular septal de- 
fect (VSD). 


Materials and Methods 


Between 1960 and 1975, 25 infants (15 boys, 10 
girls) under 1 year of age underwent repair of 
éoarctation of the aorta at the Saint Louis Uni- 
versity Medical Center. The mean age was 10.3 
weeks, and mean weight, 4.0 kg. Eleven were 
younger than 1 month of age, and 8 weighed less 
than 3.5 kg. Operation was undertaken when 
cardiac failure did not improve with medical 
management. Eighteen patients had associated 
lesions and 7 had isolated coarctation (Table 1). 
One patient who had associated aortic stenosis 
and mitral insufficiency subsequently under- 
went successful aortic valvotomy and mitral 
valve replacement. Five patients are included 
who had severe tubular hypoplasia involving 
the arch of the aorta and VSD. 

Recent follow-up data were obtained in the 17 
survivors. Upper and lower extremity blood 
pressures were measured by the ultrasound 
technique and compared with preoperative val- 
ues. Chest radiographs and electrocardiograms 
were evaluated preoperatively and in the late 
follow-up period. 
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Table 1. Cardiac Anomalies Associated with 
Coarctation of the Aorta in 25 Patients 


—————— 


Anomaly No. of Patients 


Isolated coarctation 
Coarctation with VSD 
Coarctation with TGA and VSD 
Coarctation with AS and MI 
Coarctation with TAPVR, 

ASD, and VSD 
Severe tubular hypoplasia S 


aaee 


VSD = ventricular septal defect; TGA = transposition of the 
great arteries; AS = aortic stenosis; MI = mitral insuffi- 
ciency; TAPVR = total anomalous pulmonary venous return; 
ASD = atrial septal defect. 


mM = GW oo N 


Operative Technique 


In all instances the chest was entered in the third 
or fourth intercostal space through a left pos- 
terolateral thoracotomy. The ductus arteriosus or 
ligamentum arteriosum was ligated and di- 
vided. Fifteen infants underwent resection and 
primary anastomosis using interrupted 7-0 Pro- 


Fig 1. The technique of subclavian patch 
angioplasty. This patient initially had primary 
anastomosis, but intraoperative pressure 
measurements showed a residual gradient. A 
longitudinal incision was made throu gh the 
interrupted suture line of the prima ry anastomosis, 
and the subclavian artery was brought down as a 
patch graft. 





lene sutures. In 3 patients a subclavian patch 
angioplasty was performed (Fig 1). As pre- 
viously described, a longitudinal incision is 
made from the subclavian artery down through 
the coarctation. The ringlike constriction is re- 
sected from within the aorta, and the subclavian 
artery is used as a patch graft. We believe that, in 
very small infants, or when narrowing extends 
to the subclavian artery, a subclavian angio- 
plasty should be used to avoid stenosis. At com- 
pletion of the primary anastomosis in 1 infant, 
intraoperative pressure measurements showed 
a residual gradient of 15 mm Hg. A longitudinal 
incision was made through the interrupted su- 
tures of the primary anastomosis, and a subcla- 
vian patch angioplasty was performed as shown 
in Figure 1. In 4 patients a Dacron patch was 
used for the aortoplasty (Fig 2). An incision was 
made extending from the lateral aspect of the 
subclavian artery down through the coarctation, 
as previously described [12, 18]. By extending 
the incision well into the subclavian artery and 
by using a segment of a relatively large tube 
graft, extensive widening of the aorta can be 
achieved. The use of a large patch (Fig 3) was 
intended to prevent late stricture at the siteof the 
anastomosis. Three patients with tubular 
hypoplasia involving the aortic arch had bypass 
grafts interposed between the ascending and 
descending aorta, and in 2 a Dacron patch ex- 
tending onto the transverse aortic arch was 
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Fig 2. The technique of patch graft angioplasty. The 
longitudinal incision extends into the subclavian 
artery, anda sufficiently large graft is used to make 
the segment patch wider than the aorta below, to 
allow for growth. 


used. Recently, pulmonary artery banding has 
been performed only for lesions not amenable to 
repair in infancy; it has not been used for simple 
VSDs. 


Fig 3. This 8-month-old infant had associated 
transposition of the great arteries and VSD. The 
preoperative angiogram on the left shows severe 
coarctation with narrowing that extends up to the 
subclavian artery. He underwent a Dacron patch 
angioplasty, as shown in Figure 2. The angiogram 
on the right, taken 6 months postoperatively, shows 
the marked widening achieved at the site of the 
coarctation. 


Results 


The 5 patients with severe tubular hypoplasia of 
the aortic arch all died postoperatively. Among 
the 20 infants who had coarctation that did not 
involve the aortic arch, the early mortality was 
15% (3 patients). All 3 deaths occurred in infants 
who had had complex lesions: transposition of 
the great arteries (TGA) with VSD in 2, and total 
anomalous pulmonary venous drainage with 
VSD in 1. There have been 3 late deaths in this 
group: 1 patient died with congestive failure and 
sepsis 2/2 years postoperatively; 1 died sud- 
denly at home 6 weeks postoperatively; the third 
patient died of unknown causes 7 years post- 
operatively. All early deaths occurred in infants 
undergoing operation when under the age of 3 
months (Fig 4). 

The course of the 17 early survivors is shown 
in Table 2. All had had radiographic evidence of 
cardiomegaly on preoperative chest roentgeno- 
grams. Thirteen had pulmonary vascular con- 
gestion. In the follow-up period (mean, 41 
months) 15 of the 17 survivors (88%) showed 
marked improvement in heart size and a de- 
crease in pulmonary vascular congestion. Of the 
6 patients with isolated coarctation who sur- 
vived operation, 5 achieved normal status post- 
operatively. 

All 17 survivors had had preoperative electro- 
cardiographic abnormalities, most commonly 
ventricular hypertrophy, atrial hypertrophy, 
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and a strain pattern. In 11 patients there has 
been marked improvement in the electrocar- 
diogram postoperatively, and in 4 the ECG is 
normal. In 6 who had an associated VSD there 
has been no change in the ECG. 


Pulmonary Artery Banding 

Of the 5 patients who had tubular hypoplasia of 
the aortic arch, 4 underwent concomitant pul- 
monary artery banding, and all died. Eleven in- 
fants, 3 with TGA, had coarctation of the aorta 
associated with VSD, and 8 underwent pulmo- 
nary artery banding. There were no intraopera- 
tive deaths, but 3 patients died in the early post- 
operative period. The course of the 5 survivors is 
shown in Table 2. There were 3 late deaths. Thus 
only 2 survived to undergo successful pulmo- 





3-6 mos 6-12mos 


«3 mos 


AGE AT OPERATION 
Fig 4. Mortality related to age at operation. 


Table 2. Age, Associated Cardiac Anomalies, and Follow-up for 17 Survivors of Coarctation Repair 


M - c - cc CY 


Patient No. 
and Age at 
Operation Anomaly Procedure Results and Age at Follow-up 
1. 6 mo Coarctation Primary anastomosis Alive, hypertensive (6 yr) 
2. 3 wk Coarctation, ASD Primary anastomosis Alive, well (512 yr) 
3. 4 wk Coarctation, ASD, VSD Dacron aortoplasty Alive, hypertensive (40 mo) 
4. 12 days Coarctation, VSD Dacron aortoplasty Alive, well (20 mo) 
5. 8 mo Coarctation Primary anastomosis Alive, hypertensive (20 mo); 
residual gradient, 60 mm Hg 
6. 215 wk Coarctation, VSD Subclavian aortoplasty, Alive, well (412 yr) 
PA band 
7. 7Y2 wk Coarctation, VSD Subclavian aortoplasty Alive, well (13 mo) 
8. 5 mo Coarctation, VSD Primary anastomosis, Alive, hypertensive (4 mo); 
PA band residual gradient, 80 mm Hg 
9. 8 mo Coarctation, TGA, VSD Dacron aortoplasty Alive, well (15 mo) 
10. 212 mo Coarctation, ASD Primary anastomosis Alive, well (6 yr) 
11. 3 wk Coarctation, ASD Primary anastomosis Alive, hypertensive (2 yr) 
12. 7 mo Coarctation, VSD Primary anastomosis, Late death (21/2 yr) 
PA band 
13. 5 mo Coarctation, AS, MI Primary anastomosis Alive, well (312 yr) 
14. 3 mo Coarctation, VSD Primary anastomosis, Late death (7 yr) 
PA band 
15. 142 mo Coarctation, VSD Subclavian aortoplasty, Late death (11/2 mo) 
PA band 
16. 1 mo Coarctation Primary anastomosis Alive, well (41/2 yr) 
17. 3 wk Coarctation, ASD Primary anastomosis Alive, hypertensive (6 yr); 


residual gradient, 56 mm Hg 
ne Hnug$ 


ASD = atrial septal defect; VSD = ventricular septal defect; PA = pulmonary artery; TGA = transposition of the great arteries; 
AS = aortic stenosis; MI = mitral insufficiency. 
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nary artery debanding and VSD closure; both 
lived. 

Currently our policy is not to band the pulmo- 
nary artery for associated simple VSD. If cardiac 
failure persists, the VSD is closed under deep 
hypothermia. Three children have been success- 
fully treated in this fashion. The VSD closed 2 
weeks following the coarctation repair in 1. One 
has not yet required VSD closure and is doing 
well 12 months postoperatively. The third child 
was catheterized 18 months following coarcta- 
tion repair; the pulmonary/systemic flow ratio 
had decreased markedly, and it is thought that 
the VSD will not require closure. 


Anastomotic Stenosis and Hypertension 


The 17 survivors of coarctation repair have been 
followed for a mean of 41 months (7 for more 
than 4 years). Three patients who underwent 
operation at ages 3 weeks, 5 months, and 8 
months have residual pressure gradients be- 
tween the upper and lower extremities. Their 
defects were repaired by primary anastomosis 
early in our experience, and all had gradients 
immediately postoperatively. All 3 are hyper- 
tensive; the gradients found at the last follow-up 
are shown in Table 2. None of the remaining 14 
patients have gradients. The preoperative mean 
blood pressure for the group was 125 mm Hg in 
the right upper extremity and 64 mm Hg in the 
lower extremity. Eleven were considered hyper- 
tensive [14] preoperatively, with a mean systolic 
pressure of 149 mm Hg in the right upper ex- 
tremity. Follow-up blood pressure measure- 
ments were available for 16 of the 17 survivors; 
the mean systolic pressure in this group is 112 
mm Hg. Six patients have evidence of systolic 
hypertension a mean of 37 months postopera- 
tively, with a mean systolic pressure of 128 mm 
Hg. All but 1 of these patients have shown a 
decrease in the degree of hypertension post- 
operatively. It is striking that 3 of the patients 
with hypertension have no residual gradients. 


Discussion 


The majority of infants with coarctation who are 
in congestive heart failure when they are first 
seen have associated defects, most commonly 


VSD, although bicuspid aortic valve, atrial sep- 
tal defect, and TGA are also frequent [1]. The 
recent improvement in mortality following re- 
pair reflects better operative technique as well as 
new approaches to the management of as- 
sociated intracardiac defects at the time of the 
repair. 

The nonoperative management of infants who 
have congestive failure and coarctation has car- 
ried a high mortality. Chang and Burrington [2] 
reviewed 70 infants treated nonoperatively, 
with a mortality of 44%. In 1960 Glass and as- 
sociates [5] reported 50% mortality in similarly 
treated infants who had coarctation and conges- 
tive heart failure. The high mortality with 
nonoperative management of these infants has 
prompted more aggressive surgical interven- 
tion. Studies comparing early surgical repair of 
aortic coarctation [3] with nonoperative man- 
agement seem to favor correction. A report by 
Kilman and colleagues [9] indicates that be- 
tween the periods 1960 to 1966 and 1967 to 1971, 
the mortality of nonoperatively treated symp- 
tomatic infants decreased from 62 to 42%. How- 
ever, the mortality of symptomatic infants treated 
operatively decreased from 75 to 30%. Our own 
experience is similar: few symptomatic infants 
who have aortic coarctation— particularly with 
associated intracardiac defects—will survive 
with conservative management, and operative 
repair offers a greater chance for survival. Cur- 
rently, we perform cardiac catheterization in all 
infants who have coarctation and congestive 
heart failure. This is followed promptly by 
operative intervention if the infant fails to re- 
spond to medicinal therapy. Connors and as- 
sociates [3] advise operative repair even if im- 
provement is noted with medical management, 
because these children suffer repeated episodes 
of congestive failure as wellas persistent systolic 
hypertension, and the mortality remains high if 
operation is delayed. 

We use the term tubular hypoplasia of the aorta 
to denote major narrowing of the aortic arch. 
These patients fall more into the category of pa- 
tients with aortic arch interruption, and they 
have a similarly poor prognosis. Three of the 5 
such patients in this series had grafts inserted 
between the ascending and descending aorta, 
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and 4 of the 5 underwent pulmonary artery 
banding. There were no survivors. 

Mortality in the patients without arch lesions 
has been low; 17 survived coarctation repair de- 
spite the high incidence of associated cardiac 
lesions (7296, 13 of 20). The survivors were 
markedly improved. This result compares favor- 
ably with other series in the literature [3, 6, 13]. 

The incidence of late stenosis in infants who 
undergo coarctation repair in infancy is high [4, 
7, 8, 16, 17, 20]. In our series 3 patients had a 
gradient between the blood pressure measured 
in the arm and leg. All had undergone primary 
anastomosis, and the gradient was present im- 
mediately postoperatively. This has prompted 
the utilization of special techniques to avoid late 
stenosis. Waldhausen and Nahrwold [21] re- 
ported on the use of subclavian artery as a patch 
graft. Thibault and associates [19] described 1 
patient with recurrent stenosis among 8 children 
who were followed a mean of 22 months after 
subclavian patch angioplasty in infancy. We 
have performed 3 subclavian patch angioplas- 
ties with a mean follow-up of 23 months and no 
late stenoses. Moor [12] and Reul [18] and their 
co-workers reported on the use of a patch graft 
for repair of coarctation in infancy. One of these 
patients died suddenly at home 6 months post- 
operatively; the other 2 were doing well at a 
mean follow-up of 32 months. We have used a 
patch fashioned from a woven tubular Dacron 
graft, as illustrated in Figure 2, particularly 
when the coarctation extends to the subclavian 
artery. Three patients survived Dacron patch 
angioplasty in this series, with a mean follow-up 
of 25 months, and none has had recurrent 
stenosis. We think these techniques are indi- 
cated when there is severe narrowing of the 
segment between the coarctation and the sub- 
clavian artery, and probably in all coarctation 
repairs in patients younger than 3 months of 
age. If a primary anastomosis is performed, in- 
traoperative pressure measurements should be 
obtained. If there is a residual gradient, a patch 
or subclavian aortoplasty should be done across 
the anastomosis as shown in Figure 1. 

The place of pulmonary artery banding at the 
time of coarctation repair remains controversial. 
The mortality for the combined procedure is 
high, even with simple VSD. Thus we prefer to 


repair the coarctation and follow the patient's 
status. If failure persists, the VSD is repaired 
under deep hypothermia. For complex lesions 
such as single ventricle, banding is performed 
when the coarctation is repaired. Connors and 
associates [3] have stressed the importance of 
banding the pulmonary artery prior to repair of 
the coarctation to avoid increasing the left-to- 
right shunt across the VSD during the cross- 
clamping period. In this series the pulmonary 
artery band was applied after coarctation repair, 
and banding was not performed in the 3 most 
recently treated patients with VSD. Intraopera- 
tive cardiac decompensation during the coarcta- 
tion repair was not observed. 

There were 3 patients who had persistent 
hypertension despite adequate coarctation re- 
pair. Maron and associates [11] reported on the 
high incidence of residual hypertension that oc- 
curred when coarctation repair was performed 
between 5 and 12 years of age. Others have 
shown that the younger the patient at the time of 
repair, the greater is the reduction in blood pres- 
sure [15]. The cause of residual hypertension in 
the absence of recoarctation is unclear. It will be 
surprising if others confirm the presence of re- 
sidual hypertension despite adequate coarcta- 
tion repair, even for patients under 1 year of age. 

Advances in operative technique and post- 
operative care have improved the results of 
coarctation repair in infants. The capability of 
performing correction under deep hypothermia 
has increased flexibility in management and 
may avoid the combined procedure of coarcta- 
tion repair and pulmonary artery banding, with 
its high mortality. 
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HOW TO DO IT 


Epicardial Atrial Pacing 


Thomas Z. Lajos, M.D., and Joseph Wanka, M.D. 


ABSTRACT A modification of the technique for 
placing a permanent epicardial electrode to the 
atrium is described. It results in long-term atrial pac- 
ing and low sensing thresholds. The method requires 
meticulous surgical technique but is reliable, safe, 
and free from serious or long-term complications. 


Long-term atrial pacing is in many situations the 
preferred method of overdrive suppression, 
provided atrioventricular conduction is intact. 
This method preserves atrial transport function 
and thus improves cardiac output in marginally 
compensated patients. Long-term atrial pacing 
can be achieved by two methods, transvenous 
[1,3] by means of the standard transvenous elec- 
trodes described in the literature, in which elec- 
trode stability can be a problem; and epicardial 
[1], in which increasing pacing threshold and 
subsequent loss of pacing have been somewhat 
difficult to overcome in the past. This article 
describes a modification of the permanent 
epicardial electrode which results in long-term 
atrial pacing and low sensing thresholds. 


Methods and Materials 


The standard Cordis or Medtronic epicardial 
electrode is modified in the following manner: 
The epicardial end of the electrode terminates in 
a coiled wire (Figure, A) which is half covered 
with a sleeve of insulating silicone rubber. In 
order to increase the area of electrode contact 
this insulating sleeve is shaved off (Figure, A,B). 
The wire coils are flattened parallel with the elec- 
trode terminal (Figure, C); damage to the electri- 
cal tip has never been encountered. A smooth 
area of right atrial wall or left atrium is sought, 
and 3-0 double-armed Ethiflex sutures are in- 
serted into the atrial wall 1 cm apart. The sutures 
are then pulled through the silicone pads, and 
the pads are tied down. The atrium is thus pulled 
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to the electrode surface. Great care is taken to 
avoid bleeding, since blood clots or other fluids 
on the terminals may impair conduction. With 
this method, the pacing threshold was never 
more than 1 ma; it was usually 0.5 ma with 0.7 
mv, obtaining not more than 700 ohms resis- 
tance. 

This method has been used at the Buffalo 
General Hospital in 54 patients over the last five 
years; a similar technique was described by Per- 
ryman and Sealy in 1974 [4]. Fourteen of the 54 
patients were overpaced for recurrent tachyar- 
rhythmias resistant to drug therapy alone. The 
electrode was usually implanted on the right 
atrial surface, which was exposed by a right 
parasternal mediastinotomy. The indications for 
atrial pacing were ventricular dysrhythmia 
(tachycardia, fibrillation), tachycardia-brady- 
cardia syndrome (sick sinus node), and need 
for an “atrial kick.” Forty of the 54 patients 
were open-heart surgical patients who had a 
right atrial pacing system placed prophylacti- 
cally for postoperative atrial pacing or to over- 
drive arrhythmias. In each case the exteriorized 
extension wire principle [2] is used to connect 
the atrial electrodes to a temporary external 
pacemaker. There were no complications from 
installation of the pacing system. In 15 patients 
the pacemaker had to be changed after two or 
more years, and the thresholds were measured 
again. In no case had the pacing threshold risen 
to above 2.5 ma, and in all cases it was still 
within the 300 to 700-ohm resistance level. 


Comment 


Low atrial pacing thresholds are usually 
achieved by both transvenous and epicardial 
pacing; the pacing threshold, however, gradu- 
ally rises with time. This is probably owing to 
fibrosis around the electrode tip and is particu- 
larly prone to occur in the atrium when the area 
of electrode contact is small. For this reason, and 
on the basis of our past experience, we thought 
that the bigger area of contact afforded by the 
flattened coil of the permanent electrode was 
desirable. 
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Preparation of the epicardial electrodes: (A) shaving 
the insulating sleeve; (B) the shaved-off coil; and (C) 
the flattened coil as it will be implanted on the 
epicardial surface of the atrium. 


Technical factors may influence the eventual 
pacing threshold. The importance of meticulous 
suturing of the electrode to the atrial wall should 
be emphasized. If even a small thrombus is 
lodged between the electrode and the atrial wall, 
the amount of fibrosis will increase, and the 
pacing threshold will rise. If two electrodes are 
to be sutured to the atrium, it is desirable that 
they be as far apart as possible, and usually that 
can best be achieved only if one electrode is 
sutured to the right and the other to the left 
atrium. 

Atrial pacing is an excellent method to acceler- 





ate heart rate when the patient's clinical condi- 
tion demands it. This previously undescribed 
method of epicardial atrial pacing requires 
meticulous surgical technique but is reliable, 
safe, and free from serious or long-term compli- 
cations. 
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CASE REPORTS 


Interrupted Aortic Arch Complex: 
Successful Total Correction in the Neonate 


Leonard L. Bailey, M.D., John G. Jacobson, M.D., 
Edwin Vyhmeister, M.D., and Eugene Petry, M.D. 


ABSTRACT Two neonates subjected to definitive 
repair of interrupted aortic arch complex during the 
first week of life are presented. Results correlated 
well with preoperative status. Our definition of com- 
plete correction, including direct aortic anastomosis, 
is discussed along with the surgical strategy em- 
ployed for successful repair of this otherwise dismal 
anomaly. 


Improved early diagnosis has resulted in in- 
creasing surgical awareness and boldness in the 
management of interrupted aortic arch complex 
(IAAC). Opinion regarding surgical interven- 
tion for this distressing malformation appears to 
be divided. Reports of successful palliation of 
the anomaly have appeared intermittently [6, 7]. 
Staged total correction has been accomplished 
[3, 8, 11, 12], and early total correction with the 
use of interposition prosthetic conduits or 
homograft veins has been reported [1, 7, 9]. To 
date, the only report of direct anatomically com- 
plete correction in a neonate with this complex 
to appear in the literature is that by Trusler and 
Izukawa [10]. Two other successful cases have 
not yet been reported.* 

We have had recent experience with a direct 
definitive surgical approach in 2 neonates. This 
report summarizes that experience and dis- 
cusses the details of anatomical total correction 
of IAAC. 


Patient 1 


A 3-day-old, 2.8 kg girl was referred to Loma 
Linda University Medical Center in a moribund 
state for evaluation of possible congenital heart 
disease. The baby had been discharged from the 
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referring hospital one day previously, and 
records prior to discharge there revealed 
tachypnea, poor feeding, and lethargy. The 
baby was returned to the referring hospital’s 
emergency room cyanotic, with grunting respi- 
ration and in profound cardiovascular collapse. 
She required artificial ventilation during trans- 
port and arrived at University Medical Center 
comatose and pallid, with a pH of 6.8 and unob- 
tainable blood pressure. 

Aggressive medical management with digoxin, 
isoproterenol, and diuretics was begun, and 
slow but definite improvement was noted over 
the ensuing 30 hours. She remained anuric, but 
faint peripheral pulses became palpable. De- 
spite the baby’s grave clinical status, her parents 
requested that definitive study and operation be 
attempted. A presumptive diagnosis of type B 
IAAC was confirmed at cardiac catheterization, 
and the patient was transported directly to the 
operating room. 

Total correction was accomplished utilizing 
profound hypothermia and circulatory arrest. 
The repair included anastomosis of the descend- 
ing aorta to the ascending aorta in an end-to- 
side fashion, patch closure of a large ventricular 
septal defect, and ligation of the ductus ar- 
teriosus. The baby was never able to support her 
own circulation and was pronounced dead in the 
operating room. 


Patient 2 


A 2-day-old, 2.8 kg girl was referred to Loma 
Linda University Medical Center for cardiac 
evaluation because of early signs of congestive 
heart failure. The baby was pink and active but 
showed diminished peripheral pulses and in- 
creased respirations and liver size. Echocardiog- 
raphy revealed four apparently normal intracar- 
diac valves and no findings to suggest inopera- 
bility. The ascending aortic root appeared 
slightly diminutive. 

She was immediately taken to the cardiac 
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catheterization laboratory, where injection of 
contrast medium into the aorta at the level of the 
ductus arteriosus revealed type B interruption of 
the aortic arch with a retroesophageal right sub- 
clavian artery. Oxygen saturation measured at 
the atrium suggested a left-to-right shunt, but 
further studies were abandoned because of in- 
advertent catheter perforation of the right atrial 
wall and the onset of mild cardiac tamponade. 

The baby was immediately transported to the 
operating room, still pink and active and with 
adequate urine output. Total correction was ac- 
complished using profound hypothermia and 
circulatory arrest. Again, repair included direct 
aortic anastomosis, patch closure of a large ven- 
tricular septal defect, and ligation of the ductus 
arteriosus; suture closure of a large secundum 
atrial septal defect was also performed. The baby 
had a mild conotruncal anomaly, seen as ab- 
sence of the crista supraventricularis. Aortic- 
pulmonary valve continuity required delicate 
repair of the ventricular septal defect along a 
common annulus. No thymus gland was iden- 
tified. 

The baby showed excellent early postopera- 
tive hemodynamics, urine output, cerebral 


Fig 1. Pathological anatomy of type B 
interrupted aortic arch complex, seen in both 
patients presented. 
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function, and femoral pulses. She remained in 
regular sinus rhythm. Following a brief hypocal- 
cemic seizure several days postoperatively, and 
because no definite thymic tissue had been 
identified, metabolic and immunological 
studies were completed. No precise aberration 
in immunological or metabolic competence 
could be identified prior to discharge. She was 
released from the hospital on the thirty-eighth 
postoperative day and has remained in excellent 
clinical condition. 


Comment 


Fortunately, IACC in most infants is of Celoria 
and Patton's [2] type A or B and is correctable in a 
definitive sense. Associated intracardiac ancm- 
alies are nearly always amenable to repair by 
current standards. Both of our patients had var- 
iants of type B, as shown in Figure 1. Our limited 
experience suggests that early total correction is 
not only feasible but is, in fact, the approach of 
choice for this highly lethal anomaly. Early 
diagnosis and operation are the hallmarks of 
success with this lesion, a point clearly illus- 
trated by the contrasting results obtained with 
the 2 neonates reported here. We strongly sup- 
port an approach that results in direct aortic 
anastomosis as suggested by Trusler and 
Izukawa [10]. Interposing a Dacron conduit or 
vein homograft or turning down tiny branch 
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vessels in an effort to create aortic continuity 
suggests greater future growth problems and a 
higher potential need for secondary procedures. 

Time and experience alone will sort out the 
merits of the different surgical approaches, but a 
brief discussion of the details of our technical 
experience, based on the procedure used pre- 
viously by Trusler and associates at the Hospital 
for Sick Children, Toronto, may be of some value 
to the surgeon faced with this lesion. 

The baby is placed supine on the operating 
table. A folded pad is inserted under the 
cooling-warming mattress to extend the chest 
outward. Surface cooling to 32°C precedes prep- 
aration of the chest. We depart from the Toronto 
approach by utilizing a bilateral transverse 
thoracotomy in the fourth intercostal space. This 
has provided greatly improved exposure of the 
entire distal thoracic aorta, the ductus ar- 
teriosus, and the vagus and phrenic nerves. 

Figure 2 illustrates the cannulation technique 
used. A small adventitial pursestring suture of 
5-0 Prolene* is placed on the anterolateral surface 
of the ascending aorta in the area of future anas- 
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Fig 2. Cannulation technique for 
perfusion-cooling phase of profound 
hypothermia and circulatory stasis. 
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tomosis. A 3.0 mm SMI* aortic cannula is in- 
serted and attached to one arm of a Y-connector 
in the arterial line. A small pursestring suture of 
5-0 Prolene is placed on the anterior surface of 
the main pulmonary artery, and a 12F whistle- 
tipped Bardict cannula is inserted into the pul- 
monary artery and guided across the ductus 
arteriosus into the descending aorta (a surpris- 
ingly simple maneuver); this cannula is attached 
to the other limb of the Y-connector in the arte- 
rial line. An appropriate sized Bardic cannula is 
then introduced into the right atrium through 
the appendage and the baby is perfusion-cooled 
to profound levels, at which point circulatory 
stasis is achieved. Housepian clips are placed 
across the superior and inferior vena cava and 
both carotid arteries, and all cannulas are re- 
moved. 

The ductus arteriosus is dissected to the level 
of origin of the descending aorta. The ductus is 
doubly ligated and divided, and approximately 
75 to 80% of the descending intrathoracic aorta is 
mobilized. Several tiny intercostal vessels are 
managed by electrocautery. In this manner, the 
descending aorta easily reaches the previously 
cannulated and open side of the ascending aorta 
without much tension. A 10 to 12 mm direct 
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Fig 3. Cannulation technique for perfusion 
rewarming phase of profound hypothermia and 
circulatory stasis. 


Fig 4. Completed repair of type B interrupted 
aortic arch complex. Note the large, direct 
end-to-side aortic anastomosis accomplished by 
wide mobilization of the descending aorta. 










\ 4 
P 


N 


Right Atriotomy ----- 
ASD: closed directly --- - 


Coronary sinus .——— 


VALA 


aw 





N 
/ A 
ANC 


—— — = 


anastomosis is performed using running 7-0 
Prolene suture. 

A transverse right ventriculotomy is made in 
the outflow tract of the right ventricle, and the 
ventricular septal defect is assessed and carefully 
closed using 0.4 mm Dacron-velour patch mate- 
rial* and multiple interrupted pledgeted sutures 
of 4-0 Tycron.t If a large secundum atrial septal 
defect is seen through the tricuspid valve, we 
prefer to make a counterincision in the right 
atrial free wall for proper closure of the defect, as 
was done in our second patient. A small defect is 
easily closed through the tricuspid valve. 

Following repair of the atrial and ventricular 
defects, a small pursestring suture of 5-0 Prolene 
is placed on the side of the descending aorta just 
above the diaphragm, and the fluid-filled 3.0 
mm SMI aortic cannula is inserted with the tip 
caudal (Fig 3). A small needle vent is placed in 
the ascending aorta to prevent coronary air em- 
bolism. The right atrial cannula is reinserted and 
the clips are removed from the venae cavae. A 
12F whistle-tipped Bardic cannula is introduced 
into the tip of the left ventricle. Cardiopulmo- 
nary bypass is begun very slowly with the pa- 
tient in exaggerated Trendelenburg position. As 
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adequate partial cardiopulmonary bypass is es- 
tablished (a matter of seconds), clips are re- 
moved from the carotid vessels, head cooling 
measures are discontinued, and surface and per- 
fusion rewarming techniques are instituted to 
achieve euthermia. Careful surgical technique 
during aortic mobilization and anastomosis 
should prevent major postoperative hemor- 
rhage. Troublesome bleeding was not a problem 
in our patients. The final repair is illustrated in 
Figure 4. 

Elements of the third and fourth pharyngeal 
pouch syndrome (DiGeorge's syndrome) [4, 5] 
should be assessed during and after operation in 
any baby with an aortic arch anomaly. Of par- 
ticular interest is clinical or laboratory evidence 
of hypoparathyroidism or cellular immunoin- 
competence. 

We believe that a well-devised surgical 
strategy applied to the neonate with IAAC prior 
to the onset of shock and irreversible metabolic 
failure will result in many successful total correc- 
tions in the future among these traditionally 
doomed babies. 
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Cecal Necrosis after Open-Heart Operation 


W. Clark Hargrove III, M.D., Ernest F. Rosato, M.D., 
Richard E. Hicks, M.D., and James L. Mullen, M.D. 


ABSTRACT Two patients with isolated transmural 
ischemic necrosis of the cecum after cardiopulmonary 
bypass are discussed. Superimposed upon the multi- 
ple cardiovascular abnormalities in these patients, 
cardiopulmonary bypass adds another risk factor for 
nonocclusive intestinal infarction. In patients under- 
going open-heart procedures, postoperative nonspe- 
cific abdominal complaints should be evaluated 
with a high degree of suspicion for this lethal compli- 
cation. An intensive diagnostic effort is indicated, 
including contrast and angiographic radiological 
studies. Consideration of early abdominal explora- 
tion is indicated. 


Abdominal complications of open-heart surgery 
are not rare but in general have received little 
attention. Upper gastrointestinal bleeding, pan- 
creatitis, and massive intestinal infarction are 
the most commonly reported complications [4, 
5, 7, 9, 14, 15]. We present 2 patients with iso- 
lated cecal necrosis, both of whom manifested 
their complication more than 1 week postopera- 
tively. 


Patient 1 


A 65-year-old woman had longstanding rheu- 
matic heart disease, resulting in two prior 
mitral commissurotomies in 1955 and 1964. In 
September, 1974, she underwent cardiac 
catheterization which revealed 1+ aortic regur- 
gitation, no aortic stenosis, and mitral stenosis 
with a 20 mm gradient. Pulmonary hypertension 
was present, with a mean pulmonary artery 
pressure of 65 mm Hg. Her medications in- 
cluded digitalis, furosemide, oral anticoagu- 
lants, and potassium chloride. The electrocar- 
diogram demonstrated atrial fibrillation. After 


From the Department of Surgery, University of Pennsylvania 
School of Medicine, Philadelphia, PA. 


Accepted for publication Apr 22, 1977. 


Address reprint requests to Dr. Mullen, 3400 Spruce St, 
Philadelphia, PA 19104. 


vigorous diuresis to control her congestive heart 
failure, she underwent an open-heart operation 
on December 30, 1974. Mitral valve replacement 
with a No. 21 Bjórk-Shiley valve and suture 
tricuspid annuloplasty were performed. 

She progressed without difficulty in the initial 
postoperative days with mild azotemia and mild 
hypoxia. Over the next few days she had 
nonspecific abdominal complaints of vague 
pains and mild abdominal distention, which 
was attributed to ascites. There was no direct or 
rebound tenderness, and there were no palpable 
abdominal or rectal masses. Radiological ab- 
dominal examination revealed mild, nonspecific 
ileus. 

On the tenth postoperative day the patient 
noted the onset of severe abdominal pain. At 
this time, examination revealed increased dis- 
tention. She remained afebrile, but her white 
blood cell count was 21,000 with 69 polymor- 
phonuclear leukocytes and 25 band forms. A 
diagnostic paracentesis was performed, and 
peritoneal fluid cultures revealed Enterococcus 
cloacae and Bacteroides fragilis. She began to 
show systemic signs of sepsis, requiring vaso- 
pressor agents and subsequent exploratory 
laparotomy. At operation, necrosis of the cecum 
inferior to the ileocecal valve was found with an 
adjacent large pelvic abscess containing approx- 
imately 3,000 ml of pus. The remainder of the 
small and large bowel appeared normal. The 
celiac, superior mesenteric, and inferior mesen- 
teric pulses were good, and the more distal 
mesenteric pulses were normal. End-ileostomy 
and oversewing of the ascending colon were per- 
formed. Postoperatively, she progressively de- 
teriorated with multiple organ failure and died 
12 days after her abdominal exploration. No 
postmortem examination was performed. 


Patient 2 


A 65-year-old woman had had a known cardiac 
murmur for many years. Catheterization re- 
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vealed calcific aortic stenosis with a 70 mm Hg 
gradient and coronary artery disease showing 
70% occlusion of her left anterior descending 
coronary artery and 50% occlusion of the obtuse 
marginal branch of her right coronary artery. 
Her medications were furosemide and nitro- 
glycerin. Previous operations included a hys- 
terectomy in 1955 and a cholecystectomy in 1969. 
On September 17, 1975, she underwent aortic 
valve replacement and double coronary artery 
bypass grafting. 

On her eleventh postoperative day she noted 
some nondescript abdominal pains associated 
with diarrhea. At this time she was afebrile and 
had a white blood cell count of 21,000. Abdomi- 
nal examination revealed mild generalized ten- 
derness, more marked in the right lower quad- 
rant, but without rebound tenderness. She had 
ecchymosis on her right flank, and her hemo- 
globin had fallen from 8.5 to 5.9 gm per 100 ml in 
the previous 24-hour period. Herserum amylase 
was 282 dye units per 100 ml. Plain abdominal 
roentgenograms showed a nonspecific gas pat- 
tern without diagnostic import. A chest roent- 
genogram demonstrated right lower lobe atelec- 
tasis. An emergency barium enema revealed 
evidence of ischemic colitis of the cecum. 

On the same day she underwent an 
emergency exploratory laparotomy. At the time 
of operation the cecum was necrotic without free 
perforation. The terminal ileum appeared 
somewhat spastic. She underwent a partial right 
colectomy and an ascending ileocolostomy. Her 
postoperative course was one of slow but steady 
progress, and she was discharged on October 13, 
1975. Histological diagnosis was that of ischemic 
colitis of the cecum with necrosis. 


Comment 


Isolated cecal ischemic necrosis has been re- 
ported idiopathically [12] and associated with 
chemotherapy in leukemic patients [11], with 
cecal diverticulitis [1], and with cholesterol 
ileocecal arterial embolism [3]. 

Although intestinal necrosis has been re- 
ported following open-heart surgery, it is usu- 
ally massive or involves skip areas from the 
duodenum to the rectum [7, 9, 14]. 

In both patients reported here there was a 


considerable delay in diagnosis, best ascribed to 
the lack of specific symptoms, unimpressive 
physical signs, a low index of suspicion, and the 
multiple overriding cardiovascular problems in 
the immediate postoperative period. Both pa- 
tients evidenced abdominal complaints rela- 
tively late in the recuperative period—on the 
tenth and eleventh postoperative days. Abdom- 
inal pain out of proportion to physical findings, 
a hallmark of intestinal ischemia, was present in 
both cases. Laboratory and radiological tests 
gave little specific information, although con- 
trast and angiographic studies were not uni- 
formly performed. The barium enema in patient 
2 was diagnostic, but a barium enema was not 
done in patient 1, and neither patient had 
angiographic studies. A rising leukocytosis 
heralded the cecal necrosis in both cases. 

No identifiable cecum was available for patho- 
logical scrutiny in the first patient; histological 
evaluation of the cecum in the second case 
showed transmural ischemic necrosis. Most pa- 
tients with ischemic colitis demonstrate a less 
severe ischemic process limited to necrosis of 
the mucosa and submucosa with preservation of 
the muscular layer [7, 9, 14, 16]. 

Both of our patients demonstrated nonocclu- 
sive intestinal infarction confined to the cecum. 
As with most instances of nonocclusive intesti- 
nal ischemia, cardiovascular abnormalities 
abound in these patients: arrhythmias, conges- 
tive heart failure, low-flow states, catecholamine 
excesses, need for vasopressors, valvular le- 
sions, and digitalis therapy [7, 8, 14, 16]. In this 
clinical setting, splanchnic vasoconstriction 
and relative decreases in intestinal blood flow 
are common denominators. 

The duration of cardiopulmonary bypass in 
these 2 patients was somewhat prolonged. AI- 
though Austen and McLaughlin [2] have shown 
experimentally that nonpulsatile flow results in 
intestinal infarction in laboratory animals, most 
patients tolerate cardiopulmonary bypass with- 
out significant intestinal ischemia. The patients 
reported by Heer and colleagues [6] had signifi- 
cant mesenteric arterial stenosis; however, if 
arterial stenosis was present in our patients, it 
did not significantly diminish distal mesenteric 
pulses. 
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Neither patient demonstrated an intraopera- 


tive or perioperative myocardial infarction, a 
clinical setting described by Katz [10] and Ming 
and Levitan [13]. 
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CURRENT REVIEW 


Esophagopleural Fistula Following Pulmonary Resection 


Gulshan K. Sethi, M.D., and Timothy Takaro, M.D. 


ABSTRACT The development of esophagopleural 
fistula following pulmonary resection is an uncom- 
mon but serious complication. The fistula may ap- 
pear either soon after operation, due to direct trauma 
to the esophagus or to its blood supply during exten- 
Sive dissection, or later, in association with the de- 
velopment of a bronchopleural fistula and empyema 
following the pulmonary resection. Treatment of 
these fistulas is usually complicated, and the recovery 
period is Control of 
hyperalimentation, obliteration of the empyema 


prolonged. infection, 
space, and closure of the fistula with a muscle or 
pleural flap are recommended methods of manage- 
ment. The pathogenesis, treatment, results, and pre- 
vention of this complication are discussed. 


The occurrence of esophagopleural fistula fol- 
lowing pulmonary resection is an uncommon 
but serious complication. Before 1960 these fis- 
tulas were usually found following pneumonec- 
tomy for tuberculosis or suppurative disease of 
the lung. They were rarely reported following 
pulmonary resections for cancer. Since the last 
collective review, by one of us, of this complica- 
tion [13], we have encountered 3 more patients 
who developed esophagopleural fistula follow- 
ing pulmonary resection and 28 additional cases 
have been reported in the literature [1, 3-8, 10— 
12]. The purpose of this paper is to report our 3 
patients, review the literature, and discuss the 
pathogenesis, treatment, and prevention of this 
complication. 


Case Reports 
Patient 28 


A. 48-year-old black man had had pulmonary 
tuberculosis in 1957 that was treated with strep- 
tomycin, isoniazid, and para-aminosalicylic 
acid. In March, 1965, there was reactivation of 
bilateral apical tuberculosis with development 
of a cavitary lesion in the left upper lobe. He was 
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found to be resistant to the antimycobacterial 
drugs he had formerly taken, and he was treated 
with pyrazinamide, ethambutal, and viomycin. 
The cavitary lesion did not respond to this 
therapy, and in October, 1965, resection of the 
left upper lobe and the superior segment of the 
lower lobe was performed. The remaining lower 
lobe was inadequate to fill the pleural space, and 
in order to avoid a large residual air space, a 
Marlex tent was constructed. In spite of this pre- 
caution, a large space remained, for which a 
five-rib thoracoplasty was performed six 
months later. Nevertheless, an empyema was 
diagnosed two months afterward. The infected 
Marlex mesh was removed, and a modified 
Schede thoracoplasty was performed for a sus- 
pected bronchopleural fistula. Two weeks later, 
ingested food particles were seen in the drainage 
from the chest, and both a bronchopleural and 
an esophagopleural fistula were thought to be 
present. An esophagogram confirmed the diag- 
nosis of a small esophagopleural fistula (Fig 1). 

Because the Schede procedure provided 
adequate drainage, no immediate additional 
procedure was deemed appropriate. Three 
months later, further attempts to collapse this 
anterior-lying apical space were recommended 
to the patient, but he declined and left the hospi- 
tal against advice. Nine months after the Schede 
thoracoplasty, in the face of a nonhealing fistula 
and high apical space behind the clavicle that 
had not been collapsed by two previous 
thoracoplasty procedures, clavicle resection and 
feeding gastrostomy were carried out. These 
procedures resulted in healing of the esophago- 
pleural fistula and ultimately of the broncho- 
pleural fistula as well. The patient died of unre- 
lated causes five years later. 

COMMENT. In retrospect, the use of Marlex 
mesh following resection for tuberculosis was 
probably ill advised and led to the development 
of an unrecognized apical empyema, which in 
turn was inappropriately managed by thoraco- 
plasty. The empyema probably ruptured into 
the esophagus following this procedure and 


74 0003-4975/78/0025-0115$01.50 © 1978 by The Societv of Thoracic Snroenne 


75 Current Review: Sethi and Takaro: Esophagopleural Fistula after Pulmonary Resection 








Fig 1. (Patient 28.) Esophagogram outlines the 
esophagopleural fistula (arrows). Extravasated 
contrast medium is collected in the left pleural 
cavity. Lung staples are also seen. 


produced an esophagopleural fistula. In the face 
of the intractable space problem which this pa- 
tient then presented (following two attempts to 
collapse the space), we partially resected the 
clavicle, a procedure introduced by Lambert [9] 
in 1946 and successfully used in India by one of 
us in a number of similar cases. This unusual 
procedure produced the desired effect. Repair of 
this fistula would have required a major opera- 
tion; instead, a more conservative approach in- 
volving more effective collapse of the empyema 
space was achieved, and adequate nutritional 
status was maintained. Had this patient not im- 
proved, muscle flap closure of the fistula or a 
reconstructive procedure might have been 
necessary. 


Patient 29 

A 53-year-old white man was admitted with 
symptoms of cough, dyspnea, and hemoptysis 
of three months’ duration. A thoracic roentgen- 
ogram revealed a right hilar mass. Bronchoscopy 


showed a fungating lesion in the orifice of the 
right upper lobe. On biopsy this proved to be a 
well-differentiated squamous cell carcinoma. 
Pulmonary function studies were normal. 
Neither mediastinoscopy nor transcarinal nee- 
dle biopsy was performed. 

Exploration was done through a posterolateral 
thoracotomy in the hope of performing a cura- 
tive resection of the lung tumor. A large tumor of 
the upper lobe, extending to the lower lobe 
through the fissure, was found. A few enlarged 
hilar lymph nodes were present that did not 
appear to be involved with the tumor. A radical 
right pneumonectomy with excision of lymph 
nodes was performed. Approximately 40 min- 
utes after completion of the pneumonectomy, 
while the chest was still open, the patient sus- 
tained a cardiac arrest, the exact cause of which 
was never determined. It was believed to have 
been due to an unrecognized episode of 
hypoxia. The patient was successfully resusci- 
tated by cardiac massage. Following this, he re- 
gained normal sinus rhythm and required min- 
imal amounts of vasopressors to maintain his 
blood pressure at 120 mm Hg. At the end of the 
procedure a tracheostomy was performed for 
ventilation. 

Postoperatively the patient did not regain 
consciousness. He gradually became hypoten- 
sive and required increasing dosages of vaso- 
pressors. Despite all supportive efforts, the pa- 
tient died 24 hours postoperatively. Postmortem 
examination revealed gangrenous esophagitis, 
extending from the level of the carina to just 
above the cardioesophageal junction. At the 
lower part of the gangrenous esophagus there 
was a 3 cm perforation. No evidence of residual 
tumor was found. 

COMMENT. The patient’s extensive gangre- 
nous esophagitis may have resulted from a com- 
bination of devascularization of the esophagus 
at operation (during radical lymph node dissec- 
tion) and further esophageal ischemia due to 
poor cardiac output in the postoperative period. 
Moderate dosages of Levophed also may have 
aggravated the tissue ischemia. 


Patient 30 


A 62-year-old white man was admitted with a 
history of nonproductive cough, easy fatigabil- 
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ity, and shortness of breath of four months’ du- 
ration. He had lost 9 kg in three months prior to 
admission. A thoracic roentgenogram showed 
atelectasis of the left lower lobe. At bronchos- 
copy, a fungating mass was seen in the left lower 
lobe bronchus. Biopsy showed this to be well- 
differentiated squamous cell carcinoma. On 
April 18, 1972, a left thoracotomy was per- 
formed. The tumor in the lower lobe seemed to 
be adherent to the lateral wall of the esophagus 
and to the diaphragmatic pleura. A left radical 
pneumonectomy, which required excision of 
part of the diaphragmatic pleura and adventitia 
of the aorta, was performed. The area of 
esophageal muscle to which the tumor was 
adherent was also resected. The esophageal mu- 
cosa did not appear to be injured, and the 
esophagus was repaired with nonabsorbable su- 
tures. A tracheostomy was done at the end of the 
procedure because of preoperative findings of 
dyspnea, impaired pulmonary function, and 
markedly reduced arterial Po,. 

Histopathological study revealed well- 
differentiated epidermoid carcinoma of the left 
lower lobe bronchus with extension to the main 
bronchus, hilar lymph nodes, and mediastinal 
fibrous tissue. There was no invasion of the 
esophageal wall or of the aortic adventitia. 

On May 5, 1972, the patient started having 
episodes of chills and fever. The thoracic roent- 
genogram revealed an air-fluid level in the left 
pleural cavity. Bloody, purulent fluid was aspi- 
rated from that cavity. Bronchoscopy showed 
the bronchial stump to be healing well; there 
was no evidence of bronchopleural fistula. 
Open drainage of the empyema was performed 
by segmental resection of the sixth rib, and ap- 
propriate antibiotics were administered. The 
empyema cavity was irrigated with antibiotic 
solution and drained adequately. On May 11, 
barium examination of the esophagus was per- 
formed to exclude the possibility of leak from the 
area of esophageal repair. The esophagogram 
revealed extravasation of barium from the 
midesophagus to the left pleural cavity (Fig 2). 
Intravenous and gastrointestinal alimentation 
through a gastrostomy were performed to im- 
prove his nutritional status in preparation for 
another operation to repair the fistula. We also 
attempted to clean the empyema cavity and con- 





Fig 2. (Patient 30.) Esophagogram shows 
extravasation of barium from the midesophagus into 
the left pleural cavity (arrows). 


trol the overwhelming infection. However, the 
patient’s condition continued to deteriorate, 
and he died on May 25, 1972, five weeks post- 
operatively and two weeks after the diagnosis of 
esophagopleural fistula was made. At postmor- 
tem examination a 3 mm esophageal fistula was 
found at the level of the carina. There was no 
residual tumor, and no metastatic lesions were 
found. 

COMMENT. The fistula probably developed 
because of ischemic necrosis of the esophagus in 
the area of the esophageal muscle resection. The 
patient became septic and developed empyema. 
The diagnosis of esophagopleural fistula was de- 
layed. Attempts were made to clean the em- 
pyema cavity, to control the infection, and to 
administer hyperalimentation in order to be 
able to close the fistula at a later date. We 
thought that attempting direct closure of the fis- 
tula in the presence of severe, active infection of 
the mediastinum and probable necrosis of the 
esophageal wall would be doomed to failure 
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until the infection could be brought under con- 
trol. In retrospect, a more aggressive approach to 
control the infection and repair the esophageal 
fistula might have altered the outcome. 


Incidence 


Esophagopleural fistulas probably occur more 
frequently than the few reports in the literature 
would indicate. Takaro and associates [13] en- 
countered 4 esophagopleural fistulas among 934 
resections for pulmonary tuberculosis prior to 
1961, and Evans [7] reported a similar incidence 
of 0.5% among 1,389 patients who underwent 
pneumonectomy for carcinoma of the lung. 


Etiology and Time of Appearance (Onset) 


since the last collective review on this problem, 
28 more cases of esophagopleural fistula have 
been reported in the literature. The time of ap- 
pearance of the fistula varied from one day to 96 
months, suggesting differing etiologies. Most 
frequently, fistulas occurred within six weeks 
following operation (Table 1). When a fistula 
appears soon after operation (within two weeks), 
it is probably due to direct trauma to the 
esophagus, which may occur during extensive 
dissection of the mediastinal lymph nodes adja- 
cent to the esophagus. Radical dissection with 
stripping of these lymph nodes may not only 
traumatize the esophagus, it may also jeopar- 
dize the blood supply. Dumont and DeGraef [3] 
pointed out that the blood supply to the 
esophagus is segmental and that the part of the 
esophagus lying below the carina has an espe- 
cially poor blood supply. In this region the blood 
supply is also shared by other mediastinal struc- 
tures. For these reasons, the pericarinal regionis 
the most common site of fistula formation. 
Data concerning the site of fistula formation 
are available for only 18 of the 31 recent patients. 
In none of these patients did the fistula occur 
proximal to the level of the bronchial stump: in 3 
it was at the level of the stump, and in the re- 
maining 15 patients it occurred below the 
stump. Occasionally, during a difficult pulmo- 
nary resection, the esophagus may be tented up 
and inadvertently injured or an unsuspected 
traction diverticulum of the esophagus may be 
entered. Previously, necrosis of the esophagus 


by a hard drainage tube has also been suggested 
as a cause of esophageal fistulas. 

Possible causes of late development of 
esophagopleural fistula following pulmonary 
resection include rupture of a paraesophageal 
abscess into the esophagus, direct inflammatory 
involvement of the esophageal wall, rupture into 
the pleural cavity or extrapleural space of a sup- 
purative or caseating lymph node that has pre- 
viously established communication with the 
esophageal lumen, and rupture of a traction di- 
verticulum. Perforation into the esophagus of 
a bronchopleural fistula or an intrapleural em- 
pyema of long duration occurred in almost half 
of these patients. Seven of 8 patients reported by 
Evans [7] developed a bronchopleural fistula 
prior to an esophagopleural fistula. Sometimes 
the exact cause of the fistula is not known 
(Table 2). 

The primary pulmonary disease for which 
resection was performed included carcinoma 
(19 patients), tuberculosis (10 patients), 
mesothelioma (1 patient), and suppurative dis- 
ease of the lung (1 patient). Pneumonectomy 
was performed in 29 patients and lobectomy in 
only 2. It is interesting to note that in both pa- 
tients in whom an esophagopleural fistula de- 
veloped following lobectomy, the pulmonary re- 
section had been performed for tuberculous 
infection of the lung. 

Most fistulas occurred on the right side (26 of 
31). This can be explained by the anatomical 
location of the esophagus. On the right side the 
esophagus is intimately associated with the 
mediastinal pleura and thus is more vulnerable 
to injury during radical pneumonectomy. On 
the left it is separated from the mediastinal 
pleura by the aorta through much of its course. 
Seventeen of the 26 patients in whom fistulas 
developed on the right side underwent pulmo- 
nary resection for carcinoma of the lung. Three 
of 5 patients in whom fistulas developed on the 
left side had tuberculosis, and the remaining 2 
had cancer of the lung. 


Diagnosis 

There are almost no classic signs and symptoms 
to indicate the development of an esophago- 
pleural fistula. When this complication occurs in 
the early postoperative period, the clinical pic- 
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Table 1. Review of 31 Patients Undergoing Operative Procedures? for Esophagopleural Fistula 


Patient No. 
and Age (yr) 


Benjamin 
et al [1] 


1. 66 


2. 45 


3.97 


Dumont and 
DeGraet [3] 


4. 32 


5. 38 

6. 32 

7. Unknown 
Efthimiadis 

et al [4] 

8. 65 
Engelman 

et al [5] 

9. 55 


Eriksen [6] 
10. 61 


11. 28 
12. 66 
13. 67 
14. 58 


Evans [7] 
15. 54 
16. 53 
17. 48 


18. 63 
19. 57 
20. 74 
21. 52 
22. 60 


Grosse [8] 
23. 57 


Richardson 
et al [10] 


24. 61 


25. 51 


Primary 
Disease 


CA 


CA 


Meso- 


thelioma 


TB 

CA 
CA 
CA 


CA 
CA 
CA 


CA 
CA 
CA 
CA 
CA 


TB 


TB 


Infection 


gi 


Side of 


Resection 


mA A 


Aw A 


AA AAW 


Time of 


Postop 


Appearance 
of Fistula 


2 days 


26 mo 


1 mo 


Management 


Direct closure, muscle 
flap, reverse gastric 


tube failed, colon 
interposition? 
Direct closure failed, 
pleural flap” 
Direct closure failed, 
pleural flap? 


Thoracoplasty failed, 
direct closure? 
Thoracoplasty 
Antibiotic irrigation 
Antibiotic irrigation 


Muscle flap 


Muscle flap and 
thoracoplasty 


Data unavailable 


Data unavailable 
Data unavailable 
Data unavailable 
Data unavailable 


Gastrostomy 
Gastrostomy 
Direct closure and 
thoracoplasty: _ 
Nasogastric tube 
Nasogastric tube 
Direct closure 
Direct closure 
Nasogastric tube 


Antibiotic irrigation 


Direct closure failed, 
colon bypass? 

Muscle flap and 
thoracoplasty 


Result 


Fistula healed 


Fistula healed 


Fistula healed 


Fistula healed 


Fistula healed 
Fistula healed 
Fistula healed 


Fistula healed 
Fistula healed 


Data unavailable 


Data unavailable 
Data unavailable 
Data unavailable 
Data unavailable 


Died 3 days postop 
Died 54 days postop 
Fistula healed 


Died 17 days postop 
Died 3 days postop 
Fistula healed 


Fistula healed 
Died 3 days postop 


Fistula healed 


Died postop 


Fistula healed 
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Table 1. (Continued) 





Time of 
Postop 
Patient No. Primary Side of Appearance 
and Age (yr) Disease Resection of Fistula Management Result 
26. 62 TB L 2 yr Direct closure and Fistula healed 
thoracoplasty failed, 
muscle flap” 
dos Santos 
et al [11] 
27. 35 TB R 6 wk Esophagogastroplasty Fistula healed 
Sethi and 
Takaro 
(this report) 
28. 48 TB L 6 mo Thoracoplasty Fistula healed 
29. 53 CA R 1 day None Died 1 day postop 
30. 62 CA L 3 wk Gastrostomy Died 2 wk postop 
Symes et al [12] 
31. 62 CA L 18 mo Mousseau-Barbin tube Died 12 days postop 


?Patients 23 and 30 underwent lobectomy. All others had pneumonectomy. 
"The last procedure performed when more than one operation was necessary to treat the fistula. It was 


successful in all but Patient 24. 
CA = carcinoma; TB = tuberculosis. 


ture may be confused with that of a broncho- 
pleural fistula or an acute empyema. The finding 
of food particles or gastric contents in the pleural 
drainage is one of the earliest signs, and is 
pathognomonic of the development of an 
esophagopleural fistula. This can be verified by 
Observation in the pleural drainage of pre- 
viously ingested methylene blue. An esophago- 
gram should confirm the diagnosis. The pres- 
ence of desquamated or epidermoid squamous 
cells in the empyema fluid is also reported to be 
diagnostic of esophagopleural fistula [6]. 

In the chronic state, low-grade fever, severe 
weight loss, and even emaciation may occur. In 


Table 2. Probable Cause of Esophagopleural 
Fistula in 31 Patients  . | a3 


Cause No. of Patients 
Bronchopleural fistula 8 
Empyema 9 
Operative injury 6 
(definite or probable) 
Recurrent carcinoma 1 
L'ata unavailable l 7 


this group, recurrence of tumor in the bronchial 
stump or chronic empyema is usually suspected. 
A bronchoscopy may be helpful in excluding the 
possibility of tumor recurrence in the bronchial 
stump, and esophagoscopy may confirm the 
diagnosis of esophageal fistula. Esophagoscopy 
may also determine whether the fistula site is 
involved by the neoplastic process [4]. 


Treatment and Results 


The survival of patients with esophagopleural 
fistulas is probably related to the time of appear- 
ance of the fistula, etiology, and type of surgical 
management. Of the 31 patients covered in this 
review, the mode of treatment and duration of 
survival are available for only 26. Seven patients 
who had only conservative therapy (gastros- 
tomy, jejunostomy, or insertion of a nasogastric 
or intraluminal esophageal tube) died between 
two days and two months. Usually these pa- 
tients were so sick that no immediate repair of 
the fistula was contemplated. In 15 patients 
some operative procedure was carried out, such 
as closure of the fistula either directly or using a 
pedicled muscle or pleural flap, obliteration of 
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the empyema space, or esophageal reconstruc- 
tion by a bypass procedure. Fourteen of these 
patients survived, and 1 died postoperatively 
following a substernal right colon bypass proce- 
dure (see Table 1). Multiple procedures were 
often necessary to accomplish closure of the fis- 
tula. Usually, but not always, early attempts to 
close the fistula by direct suture failed. Three 
patients were treated by daily instillation of 
antibiotic solution into the empyema space; all 
survived. In 2 of these 3 patients the fistulas had 
occurred late (44 and 90 months) following 
pneumonectomy for tuberculosis. In 1 patient, 
diffuse gangrenous esophagitis and esophageal 
rupture were discovered at autopsv. 


Comment 


The two most common causes of development of 
an esophagopleural fistula following pulmonary 
resection are operative injury to the esophagus 
and infection. When a fistula is discovered 
shortly after operation, it has probably resulted 
from recognized or unrecognized surgical 
trauma to the esophagus. Infection may lead to 
the formation of an esophageal fistula as early as 
two weeks or às late as nine years following 
pneumonectomy. The presence of ingested food 
particles or gastric contents in the pleural drain- 
age is pathognomonic of esophagopleural fis- 
tula, and esophagography with barium or Gas- 
trografin should confirm the diagnosis and 
locate the precise site of the fistula. 

Treatment of these fistulas is usually complica- 
ted, and the recovery period is prolonged. Con- 
trol of infection, hyperalimentation, obliteration 
of empyema spaces, and possibly repair of the 


fistula are recommended methods of manage- 
ment. Direct closure of acute and subacute fis- 
tulas, and conservative operations on the chest 
wall, such as a modified Schede thoracoplasty 
for chronic fistulas, may be palliative rather than 
curative. They are often considerably safer, 
however, than extensive esophageal reconstruc- 
tive procedures using stomach, jejunum, or 
colon in these debilitated patients. 

A more conservative approach, such as gas- 
trostomy, jejunostomy, or insertion of a 
nasogastric or intraluminal esophageal tube, is 
almost always doomed to failure. Of 7 patients 
who were treated with one of these modalities, 
all died within two months [7, 12]. In contrast, 14 
of 15 patients who were managed more aggres- 
sively by a variety of surgical procedures (Table 
3) survived. It is possible, however, that the 
lesser procedures were performed in debilitated 
patients with advanced disease in whom a more 
extensive surgical procedure was judged inap- 
propriate. 

Because of the presence of infection and 
marked inflammatory reaction, direct closure of 
an esophagopleural fistula may be technically 
very difficult; in fact, it failed in 5 of 8 patients in 
whom it was attempted. The esophageal suture 
line should be reinforced with either a pleural or 
a pedicled chest wall or intercostal muscle flap 
[1, 5, 10, 11]. With an 8696 success rate, this 
proved to be the most effective procedure. If the 
esophageal perforation is repaired early, before 
long-standing changes of inflammation and in- 
fection develop in the space left after 
pneumonectomy, the addition of thoracoplasty 
may not be necessary [10]. Benjamin and as- 


Table 3. Surgical Procedures Used to Repair Esophagopleural Fistula 


Operation 


Direct closure? 

Thoracoplasty” 

Pedicled muscle or pleural flap* œ- 
Reconstructive procedure 


mom SI 0o 


No. Attempted 


Percent 


No. Successful Successful 


37.5 
71.4 
86.0 
50.0 


NY C» OF C 


aPerformed in combination with thoracoplasty in 2 instances, with 1 success. 

Performed in combiration with other procedures—direct closure (2) or muscle flap (2)—in 4 instances, with 3 successes. 
"Performed in conjunction with thoracoplasty in 2 instances, both successful. 

din 1 patient two attempts were made; the second succeeded. 
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sociates [1] recommended drainage of the em- 
pyema followed by direct closure of the fistula 
reinforced by a pleural flap. After the fistula 
healed, the empyema cavity was closed by the 
Clagett procedure [2]. 

The late occurrence of esophagopleural fistula 
folowing pneumonectomy for carcinoma of the 
lung is ominous and suggests recurrence of the 
tumor. These patients may be well palliated by 
insertior of an intraluminal esophageal tube 
which may contro] dysphagia satisfactorily and 
seal off the fistula as well [12]. The best form of 
management for this serious complication is 
prevention. In anticipated difficult pulmonary 
resections, it is advisable to obtain a preopera- 
tive esophagogram to detect unusual deflections 
or unsuspected diverticula of the esophagus. 
During operation, a nasogastric tube may be 
utilized in much the way general surgeons use 
urethral catheters in difficult pelvic resections. If 
the esophageal injury is recognized during op- 
eration, a primary repair in two layers should be 


performed. Prompt and vigorous obliteration of 


all postoperatively infected spaces may help 
prevent the late development of esophago- 
pleural fistula. 
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REVIEW OF RECENT BOOKS 


Illustrated Manual of Fluid and 
Electrolyte Disorders 


By R. Douglas Collins, M.D. 
Philadelphia. ]. B. Lippincott Company, 1976 
180 pages, illustrated, $22.50 


Reviewed by Robert J. Baker, M.D. 


This is one of a series of manuals written by Dr. 
Collins to illuminate therapeutic problems in clinical 
practice for the busy practitioner (as the publisher's 
description on the dust cover states). In order to ac- 
complish th:s in as simple a fashion as possible, a 
basic anion-cation balance diagram has been adapted 
from the original one of Gamble, and that diagram is 
used repeatedly throughout the book to illustrate 
basic physiology and changes in disease states. AI- 
though beautifully done and in resplendent color, the 
same chart appears with overlay additions more than 
60 times in the text. It is, in fact, the only diagram 
which the author has chosen to use. 

From a positive standpoint, the text is lucid, con- 
cise, and easy to read. The text material is held to a 
minimum, and editing has obviously been well done. 
For the sake of brevity, pathophysiological mecha- 
nisms are oversimplified, and the treatment of the 
various disease states discussed is usually presented 
in a short paragraph with little detail and no specifics. 
Eight tables are used, and really represent reference 
sources for normal values; these are excellent for that 
purpose. An appendix is included, consisting of sev- 
eral pages of formulas, eg, for computing fluid re- 
placement volumes, body space size, and 20 problem 
cases and their solutions. The overall technical pro- 
duction is of the highest quality, with large printin an 
easily readable two-column format. The diagram is 
done with superb color and clarity. 

The purpose of this manual is not really clear, since 
the material presented is comprehensive in scope but 
too brief in execution. For the student and house 
officer the brevity is welcome, but the depth of the 
exposition is simply too shallow. For the practitioner 
of medicine this volume would be a reasonable re- 
view mechanism, provided the basic principles had 
been previously learned. Unfortunately, the brevity 
extends to the bibliography (29 references for the en- 
tire book) and :llustrations as well as to the text. For 
example, details of treatment are largely omitted. 
Anyone involved in patient care would prefer more 
specifics in terras of which drugs to use and in what 
dosage. 

This work has considerable merit when one consid- 
ers the concise and attractive format, but a workable 
understanding of the ramifications of this complex 
subject really requires much more textual material 
and a more imaginative approach to illustrations. The 
problem cases are also an interesting touch but are too 
briefly dealt with to be of appropriate teaching value. 
The book can be recommended primarily to those 


who have learned the basic pathophysiology of 
fluid-electrolyte equilibrium and desire a brief re- 
statement of those principles in classic and attractive 
terms. 


Chicago, IL 


Esophageal Hiatus Hernia: Rationale 
and Results by Anatomic Repair 


By Thomas Gahagan, M.D., and Conrad R. Lam, M.D, 
Springfield, IL, Charles C Thomas, 1976 
189 pp, $19.50 


Reviewed by Raymond Postlethwait, M.D. 


This monograph, although fascinating to read, de- 
scribes a number of divergent views about which 
other surgeons interested in the subject would proba- 
bly have strong contrary opinions. 

The anatomy is appropriately reviewed and symp- 
toms are briefly described. The paragraph on eso- 
phagoscopy concludes that this examination can 
frequently be omitted. Two brief paragraphs are de- 
voted to manometry and the pH tests for reflux. — 
Physiological changes are thus briefly mentioned, 
and the emphasis is placed on the technique of repair. 
Parenthetically, the indications for operation are not 
clearly stated. 

The evolution of the authors' technique is de- 
scribed, culminating in adoption of Allison's method 
in 1952, to which they have remained adherents, Sev- 
eral pages are devoted to consideration of the con- 
tinued use of a diaphragmatic counterincision. The 
other methods of repair, particularly the plication op- 
erations, are noted. While these are not specifically 
criticized, the results are reported for purposes of 
comparison with those of the Allison repairs through 
1962; the table of results shows 6% recurrence. No 
mention is made of reflux or other symptoms. 

Schatzki ring, stricture, Barrett esophagus, and the 
short esophagus are considered. The infracardiac 
bursa hernia, a defect of the hiatus extruding to the 
right (persistent pneumatoenteric recess) is separately 
described. Six cases have been seen. 

For the surgeon interested in hiatus hernia, I would 
recommend this monograph. In the current con- 
troversies of Hill versus Belsey versus Nissen versus 
Collis-Belsey versus numerous modifications, who 
can dogmatically condemn the Allison repair? 
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Winchester, VA 


deNiord, Richard N. 
Lynchburg, VA 


Derrick, John R. 
Galveston, TX 


Dillon, Marcus L., Jr. 
Lexington, KY 


Dixon, Sewell H., Jr. 
Greensboro, NC 


Dobbie, Robert P., Jr. 
Memphis, TN 


Domm, Sheldon E. 
Knoxville, TN 


Donahoo, James S. 
Baltimore, MD 


Donald, Charles J., Jr. 
Birmingham, AL 


Donato, Antonio T. 
Roanoke, VA 


Dooley, Byron N. 
San Antonio, TX 


*Drash, Everett C. 


North Garden, VA 


Dunn, J. Ralph, jr. 
Laurinburg, NC 


Dunne, John V. 
Bradenton, FL 
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Eastridge, Charles E. 
Memphis, TN 


Ecker, Roger R. 
Oakland, CA 


Edwards, William H. 
Nashville, TN 


Egan, Richard W. 
Brunswick, GA 


Ehrenstein, Fred I. 
Hollywood, FL 


Elkins, Ronald C. 
Oklahoma City, OK 


Ellison, Robert G. 
Augusta, GA 


Elstren, Wesley B. 
Tampa, FL 


Emlet, John R. 
Pensacola, FL 


| Ernst, Richard W. 
Fort Worth, TX 


Evangelist, Felix A. 
Charlotte, NC 


Ferguson, Thomas B. 
St Louis, MC 


Fishback, Malcolm E. 
Augusta, GA 


Fisher, Robert D. 
Nashville, TN 


Fitzgerald, John B. 
Houston, TX 


Fiuzat, Javad 
Garland, TX 


Fleming, William H. 
Atlanta, GA 


Floyd, Richard D. 
Lexington, KY 


Fontenelle, L. F. 
Biloxi, MS 


Foster, John H. 
Nashville, TN 


*Fouche, James W. 
Columbia, SC 


*Senior member. 


tCorresponding member. 


Frazer, Joe Walton, jr. 
Greensboro, NC 


Freant, Lawrence J. 
Macon, GA 


Freeman, James M. 
New Orleans, LA 


Fulcher, Thomas M. 
Fairfax, VA 


Fulton, Robert L. 
Louisville, KY 


Furman, Richard W. 
Boone, NC 


Gabbard, James G. 
Corpus Christi, TX 


Galloway, Ronald F. 
Augusta, GA 


Gantt, James R. 
Irving, TX 


Garby, R. Carl 
St Petersburg, FL 


tGarcia-Galindo, Gustavo 


Caracas, Venezuela 


Geisler, Gerald F. 
Dallas, TX 


Gentsch, Thomas O. 
Miami, FL 


Gerami, Sohrab 
Orlando, FL 


Gilbert, Joseph W., Jr. 
Jacksonville, FL 


Glass, Bertram A. 
New Orleans, LA 


Gobbel, Walter G., Jr. 
Nashville, TN 


Goff, Rowland D. 
Jacksonville, FL 


Goldberg, Lawrence G. 


Louisville, KY 


Gordon, Fallon T. 
Beaumont, TX 


Gott, Vincent L. 
Baltimore, MD 


Gottsegen, Warren Lee 
New Orleans, LA 


Gragg, Wilford H., Jr. 
Memphis, TN 


Graham, Allan L. 
Fort Worth, TX 


Graham, Walter H. 
Newport News, VA 


_Gray, Laman, Jr. 


Louisville, KY 


Greenberg, Jack Jay 
Miami Beach, FL 


Greenfield, Lazar J. 
Richmond, VA 


Grinnan, George L. B. 
Norfolk, VA 


Grover, Frederick L. 
San Antonio, TX 


Guest, James L., ]r. 
Montgomery, AL 


Guynes, W. Allison 
Amarillo, TX 


Gwathmey, Owen 
Richmond, VA 


Hairston, Peter 
Charleston, SC 


Hall, David P. 
Chattanooga, TN 


Haller, J. Alex, Jr. 
Baltimore, MD 


Hallman, Grady L. 
Houston, TX 


Hankins, John R. 
Baltimore, MD 


Hanna, Ed A. 
Houston, TX 


Hardin, Robert A. 
Nashville, TN 


Harpole, David Harold 
Roanoke, VA 


Harrington, O. Brewster 
Memphis, TN 


Harris, Jackson 
Nashville, TN 


Harris, Stuart H., Jr. 
Lynchburg, VA 


| Harrison, Albert W. 


Beaumont, TX 


Harter, John S. 
Louisville, KY 


Hartsuck, James M. 
Oklahoma City, OK 


Hatcher, Charles R. 


‘Atlanta, GA 


Hawley, William D. 
Oklahoma City, OK 


Hayward, Ronald H. 
Temple, TX 


Headrick, James Robert 
Chattanooga, TN 


Hess, Philip J. 
Charlotte, NC 


Hewitt, Robert L. 
New Orleans, LA 


Hitch, William S. 
Savannah, GA 


Holmes, Chester L. 
Trenton, TN 


Hood, Raleigh Maurice 
Austin, TX 


Hood, Richard H., Jr. 
Cotulla, TX 


Hopkins, William A. 
Atlanta, GA 


Hotchkiss, William S. 
Norfolk, VA 


Houck, William S. 
Florence, SC 


Howard, Hector S. 
Memphis, TN 


Hubbell, David 5. 
St Petersburg, FL 


Hudson, Loyde H. 
Flint, MI 
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Hudspeth, Allen S. 
Winston-Salem, NC 


"Hughes, Felix A., Jr. 
Memphis, TN 


Hughes, Richard E. 
Salisbury, MD 


Ibach, John Raymond, Jr. 


Jacksonville, FL 


Jackson, Truxton L. - 
Miami, =L 


Jacobs, J. Kenneth 
Nashville, TN 


Jahn, Paul H. 
Cocoa, FL 


Jahnke, Edward J. 
Santa Barbara, CA 


James, Edwin C. 
Morgantown, WV 


Jenkins, Edward W. 
Tulsa, OK 


Joannides, Minas, Jr. 
St Petersburg, FL 


Johns, Thomas N. P. 
Richmond, VA 


Johnson, George, Jr. 
Chapel Hill, NC 


Johnson, 
Marcellus A., III 
Roanoke, VA 


Johnson, Paul A. 
Bradenton, FL 


Johnston, Frank R. 
Winston-Salem, NC 


Johnston, Harold W. 
Orlando, FL 


Johnston, Robert H., Jr. 


Victoria, TX 


Jones, Ellis L. 
Atlanta, GA 


Juanteguy, Juan M. 
Baltimore, MD 


Judd, Donald R. 
St Louis, MO 


*Genior member. 


Jude, James R. 
Miami, FL 


Just-Viera, Jorge O. 
Benton Harbor, MI 


Kadivar, Hooshang 
Fort Pierce, FL 


Kaiser, George C. 
St Louis, MO 


Kaiser, Gerard A. 
Miami, FL 


*Kastl, William H. 
Alexandria, LA 


Kee, John L. 
Dallas, TX 


Keeley, Robert L. A. 
Roanoke, VA 


Kehne, John H. 
Hagerstown, MD 


Keith, Howard B. 
Shattuck, OK 


Keller, Charles A., Jr. 
Asheville, NC 


Kelley, Henry G., Jr. 
Spartanburg, SC 


Kessler, Charles R. 
Birmingham, AL 


Khalil, Kamal G. 
Houston, TX 


Killen, Duncan A. 
Kansas City, MO 


King, Richard 
Atlanta, GA 


*Kingsbury, Lawrence H. 


Orlando, FL 


*Klepser, Roy G. 


Arlington, VA 


Kolkin, Marvin L. 
Silver Spring, MD 


Kouchoukos, Nicholas T. 


Birmingham, AL 


Kraeft, Nelson H. 
Tallahassee, FL 


Kraeger, Russell R. 
St Louis, MO 


Kwah, Henry H. 
Havre de Grace, MD 


Lambert, Cary J. 
Dallas, TX 


Lancaster, Joseph R. 
Boynton Beach, FL 


La Rosa, John J. 
Melbourne, FL 


Larsen, Parry B. 
Miami, FL 


Lasley, Charles H. - 
Clearwater, FL 


Lawler, Marion R., Jr. 
Harlingen, TX 


Lee, James M. 
Greensboro, NC 


Leon, William 
New Orleans, LA 


LePere, Robert H. 
San Antonio, TX 


Lester, James P. 
Nashville, TN 


Linberg, Eugene J. 
Naples, FL 


Lindsey, Edward S. 
New Orleans, LA 


Lipman, Charles A. 
North Miami Beach, FL 


Littlefield, James B. 
St John’s, Nfld, Canada 


Logan, William D., Jr. 
Atlanta, GA 


Lomasney, Thomas L. 
Knoxville, TN 


Lombardo, Carlos R. 
Miami, FL 


Long, Edwin Tutt 
Fox Chapel, PA 


Long, Graydon A. 
Lexington, KY 


Longaker, Dail Wilson 
Columbia, SC 


Loughridge, Billy Paul 
Tulsa, OK 


Lower, Richard R. 
Richmond, VA 


Lowicki, Edward M. 
Jackson, MS 


*Lucido, Joseph L. 
St Louis, MO 


Lyday, William D. 
Charlotte, NC 


Lyons, William I. 
Washington, DC 


MacDonald, John M. 
Fort Lauderdale, FL 


Mackenzie, James W. 
New Brunswick, NJ 


Macris, Allen G. 
Atlanta, GA 


Malette, William G. 
Omaha, NB 


Manly, Isaac V. 
Raleigh, NC 


Mansour, Kamal A. 
Atlanta, GA 


Marcos, Javier J. 
San Antonio, TX 


Martinez, Henry E. 
Amarillo, TX 


Mattox, Kenneth L. 
Houston, TX 


Maughon, James S. 
Atlanta, GA 


Mauney, Frank M., Jr. 
Asheville, NC 


May, James E. 
Charleston, SC 


Mayo, Porter 
Lexington, KY 


*McClenathan, James E. 
Washington, DC 
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McCollum, Charles H., III Mitchel, Ben F., jr. 


Houston, TX 


McCool, Emmett Edward 


Baton Rouge, LA 


*McCracken, Robert L. 
Nashville, TN 


McCutcheon, W. Benson, Jr. 


Durham, NC 


McDowell, Donald E. 
Clarksburg, WV 


McElvein, Richard B. 
Birmingham, AL 


McGee, Lawrence Stone . 


Mobile, AL 


McGehee, Robert Neal 
Fort Worth, TX 


McLaughlin, Joseph S. 
Baltimore, MD 


McSwain, H. Thomas 
Dallas, TX 


Meadows, Charles Turner 


Dallas, TX 


Meghdadi, Gholamali 
Orlando, FL 


Mendenhall, Elliott, Jr. 
Abilene, TX 


Metni, Fouad N. 
Dallas, TX 


Michelson, Elliott 
Baltimore, MD 


Midgley, Frank M. 
Washington, DC 


Miller, John E. 
Baltimore, MD 


Miller, Joseph I. 
Atlanta, GA 


Mills, Lawrence J. 
Dallas, TX 


Mills, Noel L. 
New Orleans, LA 


Minor, George K. 
Charlottesville, VA 


*Senior member. 


Dallas, TX 


Mobin-Uddin, Kazi 
Marion, OH 


Montague, Norton T. 
Birmingham, AL 


Montgomery, Thomas 
Albert : 
Athens, GA 


Moody, James D. 
Orlando, FL 


Moor, Gordon F. 
Lakeland, FL 


Morgan, S. Wesley 
Dublin, GA 


Morris, J. Robert 
Virginia Beach, VA 


Morris, Marshall G., Jr. 


Greensboro, NC 


Moulder, Peter V. 
Gainesville, FL 


Mullen, Donald C. 
Milwaukee, WI 


Munnell, Edward R. 
Oklahoma City, OK 


Murray, Gordon F. 
Chapel Hill, NC 


Neely, William A. 
Jackson, MS 


Nelson, Kenwyn G. 
Tyler, TX 


Nesmith, M. A., Jr. 
Gainesville, FL 


*Netterville, Rush E. 
Jackson, MS 


Neville, Edwin C. 
Scranton, PA 


Newman, William H. 
Fayetteville, NC 


Nicholson, Charles H. 


Lexington, KY 


Nightingale, David S.. 


Louisville, KY 


Norris, Franklin Gray 
Orlando, FL 


Noto, Joseph Anthony 
Asheville, NC 


Nunn, Daniel B. 
Jacksonville, FL 


Nunnally, Lester C. 
Orlando, FL 


Ochsner, John L. 
New Orleans, LA 


O’Dell, Morris H. 
Charleston, WV 


Odyniec, Norman A. 
Washington, DC 


Okano, Takeshi 
Belleair Bluffs, FL 


Olcott, Eugene D. 
Fort Worth, TX 


Old, Levi, Jr. 
Norfolk, VA 


Olinde, Henry D. H. 
Baton Rouge, LA 


Orvald, Thomas O. 
Burbank, CA 


Othersen, H. Biemann 
Charleston, SC 


Overstreet, John W. 
Houston, TX 


Owens, Joseph L., Jr. 
Brunswick, GA 


Palatchi, Albert S. 
Hamilton, OH 


Parker, Edward F. 
Charleston, SC 


*Parr, Luther H. 
Houston, TX 


Pascotto, Robert D. 
Fort Myers, FL 


Pate, James W. 
Memphis, TN 


Patrick, Donald 
Fort Smith, AR 


Pauling, Fred W. 
San Francisco, CA 


Paulson, Donald L. 
Dallas, TX 


Peabody, Joseph W., Jr. 
Washington, DC 


Pecora, David V. 
Wilmington, DE . 


*Peirce, E. Converse, II 


New York, NY 


Pitman, John M., Jr. 
Williamsburg, VA 


Platt, Melvin R. 
Dallas, TX 


Playforth, R. Herman 
Lexington, KY 


Pradhan, Duleep 
Baltimore, MD 


Prather, J. Richard 
Memphis, TN 


Price, William E. 
Tallahassee, FL 


Pridgen, William R. 
Memphis, TN 


Prillaman, Paul E., Jr. 
Bradenton, FL 


Prioleau, William H., fr. 


Charleston, SC 


^ 


Puryear, Gordon H. 
Tampa, FL 


Quintana, Rodrigo 
Gainesville, FL 


Rams, James J. 
Pittsburgh, PA 


Randolph, Judson G. 
Washington, DC 


Ransdell, Herbert T., Jr. 


Louisville, KY 


Rawitscher, Robert E. 
Dallas, TX 


Rayl, John E. 
Lake City, FL 


a? 
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Razzuk, Maruf A. 
Dallas, TX 


Read, Raymond C. 
Little Rock, AR 


Reemtsma, Keith 
New York, NY 


Rees, Terry T. 
Dunedin, FL 


*Reid, Lee R. 
Jackson, MS 


Reul, George J., Jr. 
Houston, TX 


Rhea, William 
Gardner, Jr. 
Nashville, TN 


Richardson, Robert L. 
Memphis, TN 


Richie, Robert E. 
Nashville, TN 


Robertson, William A. 
Richmond, VA 


Robicsek, Francis 
Charlotte, NC 


Rodriguez-Aguero, Jesus 
McAllen, TX 


Rogers, William K. 
Knoxville, TN 


Rose, A. Hewitt, Jr. 
Raleigh, NC 


Rosenberg, Dennis M. 
New Orleans, LA 


Ross, Raleigh R. 
Austin, TX 


Rubin, Joseph W. 
Augusta, GA 


Sabiston, David C., Jr. 
Durham, NC 


Sadler, Robert Neil 
Nashville, TN 


St. Ville, Joseph M. 
Tulsa, OK 


Sandiford, Frank M. 
Houston, TX 


*Senior member. 


Sanford, Marshall C. 
Fort Lauderdale, FL 


Sasser, William F. 
St Louis, MO 


Satterfield, John V. 
Little Rock, AR 


Sawyers, John L. 
Nashville, TN 


Schechter, Frederick G. 


New Orleans, LA 


Scheerer, Rudolph 
West Palm Beach, FL 


*Schiebel, H. Max 


Durham, NC 


Schmidt, Frank Ernest 
New Orleans, LA . 


*Schmidt, Ivan C. 


West Palm Beach, FL 


Scott, Benjamin F. 
Memphis, TN 


Scott, Meredith L. 
Orlando, FL 


Scott, Stewart M. 
Asheville, NC 


Sealy, Will C. 
Durham, NC 


Sehdeva, Jagjit S. 
Baton Rouge, LA 


Seiler, Hawley H. 
Tampa, FL 


Selby, John H. 
Lubbock, TX 


Selmonosky, Carlos A. 


Austell, GA 


Seremetis, Michael G. 
Washington, DC 


Sethi, Gulshan K. 
Asheville, NC 


Sewell, William H., Jr. 


Sayre, PA 


Shafii, Esfandiar 
Tampa, FL 


Shah, Hasmukh H. 
Dallas, TX 


Shane, Ramon Arthur 
Springfield, MO 


*Shaw, Robert R. 
Dallas, TX 


Shelby, James Stanford 
Shreveport, LA 


Shelley, Ronald N. 
Norton, VA 


Sherman, Roger William 
Coconut Grove, FL 


Shippey, Stuart 
Hunter, Jr. 
Pensacola, FL 


Simmons, Earl M., Jr. 
Montgomery, AL 


Simpson, William F. 
Tuscaloosa, AL 


*Skinner, Edward F. 
Memphis, TN 


Smiley, Robert H. 
Texas City, TX 


Smith, Daniel E. 
Albuquerque, NM 


*Smith, Edward P., Jr. 
North Redington 
Beach, FL 


Smyth, Nicholas P. D. 
Washington, DC 


Snyder, Harold E. 
Jacksonville, FL 


Spear, Harold C. 
North Miami Beach, FL 


Sprinkle, James Dean 
Danville, VA 


Stanford, William 
Lackland AFB, TX 


Starek, Peter J. K. 
Chapel Hill, NC 


Staub, E. Wilson 
Pinehurst, NC 


Stauss, Hans-Karl 
Jackson, MS 


Steier, Michael Edward 
Fort Myers, FL 


Stephenson, Hugh, Jr. 
Columbia, MO 


Stephenson, Sam E., Jr. 
Jacksonville, FL 


Stoneburner, John Moore 
Danville, VA 


Stoney, William S. 
Nashville, TN 


*Strug, Lawrence H. 


New Orleans, LA 


Sugg, Winfred L. 
Dallas, TX 


Sullenberger, John W. 
Tallahassee, FL 


Sutherland, Robert D. 
Amarillo, TX 


Sutton, John R. 
Columbia, SC 


*"Swann, William K. 


Knoxville, TN 


Symbas, Panagiotis N. 
Atlanta, GA 


Szentpetery, Szabolcs 
Richmond, VA 


Takaro, Timothy 
Asheville, NC 


Taylor, Edmund R. 
Columbia, SC 


Taylor, Frederick H. 
Charlotte, NC 


Temes, Gerald D. 
Louisville, KY 


Thiele, J. Peter 
Dallas, TX 


Thio, Richard T. 
Atlanta, GA 


Thomas, Clarence S., jr. 
Nashville, TN 
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Thomas, James Phillips 
Bluefield, WV 


Thomas, Kenneth E. 
Atlanta, GA 


Thomas, Maicolm J., Jr. 


Lubbock, TX 


Thomas, Thomas V. 
Kansas City, KS 


Thomson, Norman B., Jr. 


Roslyn, NY 


Threlkel, James B. 
Winter Haven, FL 


Thurer, Richard J. 
Miami, FL 


Tobias, Joel A. 
Gainesville, FL 


Traad, Ernest A. 
Miami, FL 


Treasure, Robert L. 
Fort Sam Houston, TX 


Tribble, David E. 
Columbia, SC 


Trinkle, J. Kent 
San Antonio, TX 


Trumbo, Robert 
Orlando, FL 


Turk, Lucas Newton, III 


Atlanta, GA 


Turney, Shannon W. 
Lafayette, LA 


Tyndal, Edward C. 
Birmingham, AL 


Tyson, Kenneth R. T. 
Galveston, TX 


Umstott, Charles E. 
Newport News, VA 


Deceased Members 


Francis E. Foley 


*Oenior member. 


Urschel, Harold C., Jr. 
Dallas, TX 


Utley, Joe R. 
san Diego, CA 


Van Fleit, William E. 
South Bend, IN 


Vaughan, Robert H. 
Columbus, GA 


Vick, Bernard 
Greenville, NC 


Vontz, Frederick K. 
Jacksonville, FL 


*Walker, James H. 


Charleston, WV 


Walker, Olyn M. 
APO New York, NY 


*Walkup, Harry E. 


Worton, MD 


Walstad, Paul M. 
Harlan, KY 


Ware, George William 
Silver Spring, MD 


Webb, Watts R. 
New Orleans, LA 


Weeks, Donald L., Jr. 
Orlando, FL 


Welch, Robert G. H., Jr. 


St Petersburg, FL 


Weldon, Clarence S. 
St Louis, MO 


Wellons, Harry A., ]r. 
Charlottesville, VA 


Wells, Van Henry 
Memphis, TN 


Wheat, Myron W., Jr. 
St Petersburg, FL 


"Whitaker, L. Spires 


Chattanooga, TN 


William H. Lee, Jr. 


White, John J. 
Albany, NY 


Wilcox, Benson R. 
Chapel Hill, NC 


Wilder, Robert J. 
Oklahoma City, OK 


Wildstein, Gilbert 
Atlanta, GA 


Williams, Carl L. 
Fort Smith, AR 


Williams, Donald B. 
Lafayette, LA 


Williams, G. Rainey 
Oklahoma City, OK 


Williams, M. J. 
New Orleans, LA 


Williams, Robert D. 
Kansas City, MO 


*Williams, Robert W. 
Wilmington, NC 


Williams, William T. 
Clearwater, FL 


Wilson, Hugh 
Edward, III 
Dallas, TX 


Wilson, Louie C. 
Mobile, AL 


Wimberly, John E. 
Pensacola, FL 


Winfrey, Elisha W., III 
Newport News, VA 


Wofford, Jesse L. 
Jackson, MS 


Wolcott, Mark W. 
Salt Lake City, UT 


Wolf, Rodney Y. 
Memphis, TN 


Wood, Richard E. 
Dallas, TX 


David H. Waterman 


Woods, Leon Perry 
Fort Smith, AR 


Woo-Ming, Michael O. 
Miami, FL 


Wright, Creighton 
Iowa City, [A — 


Wright, Robert M. 
Houston, TX 


Wu, Chang You 
North Miami Beach, FL 


Wukasch, Don C. 
Houston, TX 


Yahr, William Zachary 
Miami Beach, FL 


Yeh, Thomas J. 
Savannah, GA 


Yore, Richard W. 
St Louis, MO 


Youmans, C. Roger 
Texas City, TX 


Young, W. Glenn, Jr. 
Durham, NC 


Youngblood, Robert W. 


Wilson, NC 


Yu, Peter S. K. 
Huntsville, AL 


Zimberg, Yale H. 
Richmond, VA 


Zimmerman, Bernard 
Morgantown, WV 


Zorrilla, Leopoldo 
San Antonio, TX 


Zuhdi, Nazih 
Oklahoma City, OK 


Zumbro, George L., Jr. 
Augusta, GA 


*. 


CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to ihe advertiser. 

Please submit full information with each ad, including 
name, adcress, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
Allresponses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7173 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 


Thoracic and cardiovascular surgeon, 30, completing resi- 
dency in June, 1978, at large university center desires posi- 
tion in thoracic and cardiovascular surgery. Trained in pul- 
monary, vascular, adult, and pediatric cardiac surgery. Will 
consider all geographical locations. FLEX. ABS certified. 


Please respond to W-67, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 35, ABS and ABTS 
certified, holding academic position in university hospital 
and medical school, wishes to relocate in Southeast. Prefer 
active adult open-heart surgery service. 


Please respond to W-68, The Annals of Thoracic Surgery, 
C-7173 Uriversity Hospital, Ann Arbor, MI 48109. 


University-trained thoracic and cardiovascular surgeon, 34, 
with balanced experience in cardiac (adult and congenital), 
general thoracic, and peripheral vascular surgery, complet- 
ing residency in June, 1977, desires position, preferably in 
Texas or other southwestern state. Military obligation com- 
pleted. 


Please respond to Thomas R. Calhoun, M.D., 308 Eastbrook 
Dr, Charlottesville, VA 22901. 


Established, university-trained thoracic and cardiovascular 
surgeon with full credentials wishes to relocate. 


Please respond to W-70, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon completing residency 
June, 1978, University of Utah LDS Hospital, wishes to join 
associate, group, or solo practice. Available July 1978. 


Please reply to Saeed Esmaili, M.D., 914 Medical Plaza, Salt 
Lake City, UT 84112. 


Cardiovascular and thoracic surgeon, 34, ABS certified, has 
completed 2-year residency and 1-year fellowship, and seeks 
position. Available immediately. All offers and locations 
considered. 


Please respond to W-72, The Annals of Thoracic Surgery, 
C-7173 Uriversity Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 44, ABS and ABTS 
certified, seeks position. Extensive extracardiac thoracic, 
peripheral vascular, and pacemaker experience. Presently 
chief of thoracic surgery at large military medical center. 
Available Aug 1978. 


Please respond to W-73, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic and vascular surgeon, 36, married, 
university-trained, ABS and ABTS certified, seeks associa- 
tion or group or academic appointment. Will consider new 
programs. No geographic preference. 


Please respond to W-74, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 38, FLEX, ABS, candidate ABTS, 
solid background in all phases of field, seeks busy practice. 
Prefer Midwest-Northwest; available now. 


Please respond to W-75, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic and vascular surgeon, 37, university-trained, 
ADS certified, ABTS eligible, completing fellowship at Texas 
Heart Institute, Houston, seeks group association or part- 
nership in South or Southwest, preferably Arizona, New 
Mexico, or Texas. 


Please respond to W-76, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Board-certified cardiovascular and thoracic surgeon, com- 
pleting military obligation at cardiac center, desires position 
in thoracic and cardiovascular surgery. No geographic pref- 
erence, 


Please respond to W-77, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 39, ABS, ABTS cer- 
tified, FACS, FRCS(Eng), FRACS, seeks position with 
thoracic surgery group doing adult cardiac and lung sur- 
gery. Available in 6 to 12 months, due to overseas commit- 
ment. California license and FLEX. 


Please respond to Dr. Donald Wilson, Department of 
Thoracic Surgery, City of Hope National Medical Center, 
1500 E Duarte Rd, Duarte, CA 91010. 


Cardiovascular and thoracic surgeon, ABTS training re- 
quirements completed in cardiovascular and thoracic 
surgery, currently undergoing additional training in pediat- 
ric cardiac surgery. Available January, 1978; no geographic 
preference. 


Please respond to John B. Overton, M.D., Children's Hospi- 
tal Medical Center, 300 Longwood Ave, Boston, MA 02115; 
tel: (617) 734-6000. 


Thoracic, cardiovascular, and general surgeon, 33, ABS cer- 
tified, Cleveland Clinic trained, Board eligible in thoracic 
and cardiovascular surgery, desires group or hospital prac- 
tice. Available immediately. 


Please respond to W-80, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 38, ABS certified, 
ABTS candidate, seeks position in solo, group, or association 
leading to pa-tnership. University trained, FLEX. 


Please respond to Che-Lu Tseng, M.D., 620 E 13th St, 
Winamac, IN 46996; tel: (219) 946-6565 (home), (219) 946- 
6450 (office). 


Cardiovascular surgeon, 37, ABTS certified, just completing 
year of cardiovascular surgery fellowship, seeks position in 
cardiovascular surgery group leading to partnership. No geo- 
graphic preference, available immediately. 


Please respor.d to W-82, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 


Fellowship in pediatric cardiovascular and thoracic surgery. 
One-year program beginning July 1, 1978, includes 
emergency newborn surgery as well as elective closed and 
open cardiac surgical procedures. 


Please respond to A-44, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon wanted in surgery de- 
partment of hospital closely affiliated with the University of 


Buffalo. Extremely active open-heart program. 


Qualified, academically oriented, fully trained surgeons may 
send curriculum vitae to Andrew A. Gage, M.D., Chief of 
Staff, Veterans Administration Hospital, 3495 Bailey Ave, 
Buffalo, NY. An equal opportunity/affirmative action em- 


ployer. 


Cardiovascular and thoracic surgeon wanted to join group in 
South Florida. Must be experienced in all facets of cardiac 
surgery, including internal mammary grafts. 


Please respord to A-46, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


ABTS-certified surgeon wanted to join two-man group in 
large Midwestern city. Practice limited to adult cardiac, 
thoracic, and peripheral vascular surgery in large private 
hospital with university appointment. 


Please respor.d to A-47, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109.. 


Cardiovascular and thoracic surgeon, Board-certified or 
Board-eligible, wanted to join cardiovascular and general 
surgeons in private surgical group practice. Busy, estab- 
lished cardiac program in excellent Wisconsin location. 


Please send curriculum vitae to A-48, The Annals of 
Thoracic Surgery, C-7173 University Hospital, Ann 
Arbor, MI 48109. 


Home, office, and well-established practice in fast-growing 
city in northern Virginia, located 5 minutes from hospital 
and 45 minu:es from District of Columbia. Available im- 
mediately due to death of thoracic and cardiovascular sur- 
geon. 


Please contac: Mrs. Thelma H. Jamison, Exec., 9009 Sudley 
Rd, Manassas, VA 22110; tel: (703) 368-5018. 
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New SURGILENE 
polypropylene monofilament suture. 


SURGILENE is so smooth and pliable, it glides through de. 
all kinds of tissue. This new polypropylene suture also ties easily 
and handles well. The result: fast, smooth procedures. 

SURGILENE is inert, so scarring is minimal, compli- 
cations few. And it's strong.. with a flex life that's unexcelled 
by any other synthetic monofilament. 

For your convenience, SURGILENE is available in our 
unique, time-saving DIRECT DISPENSING packages. 
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Tear inner pack 


diagonally to expose suture. 


URGILENE® polypropylene monofilament suture 


implete Product Information 


SCRIPTION 


RGILENE polypropylene Suture, (clear or pigment- 

is a Sterile, isotactic crystalline stereoisomer of a 
‘ar hydrocarbon polymer having essentially no un- 
uration. The pigmented suture contains Copper 
halocyanine Blue. 


TIONS 

XGILENE causes a minimal, transient. acute in- 
matory reaction. This is followed by the formation 
a microscopic layer of fibrous tissue around the 
ire. The suture is not absorbed nor is it subject to 


radation or weakening by the action of tissue en- 
ies. 


MC ATIONS 
«GILENE. may be used wherever Nonabsorbable 


Surgical Suture, USP is recommended. 


Because of its lack of adherence to tissue, 


SURGILENE is efficacious as a pull-out suture. 


CONTRAINDICATIONS 
There are no known contraindications. 


WARNINGS 


Studies to determine the safe and effective use of 
SURGILENE Suture in eye surgery have not been per- 
formed. 


PRECAUTIONS 


As with other synthetic sutures, knot security requires 
the standard surgical technic of flat and square ties, 
with additional throws if indicated by surgical cir- 
cumstance and the experience of the operator. 
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Then, pull suture out. 






There is an ongoing carcinogenicity study in rats, the 
results of which are not yet available. 


ADVERSE REACTIONS 


The most common adverse reaction noted during the 
clinical investigations with SCIRGILENE Suture was 
redness at the suture site, reported in up to 15% in 
some study populations. Edema and/or infection at 
the suture site has been noted in up to 8% in some 
study groups. Infrequent adverse reactions reported 
include suture extrusion and dehiscence (2 cases 
reported). 


HOW SUPPLIED 
Available in USP sizes, non-needled or affixed to the 
various DAVIS + GECK ATRAUMATIC® needles 10/0 
thru 2 for pigmented sutures; 7/O thru 2 for clear. 
in one dozen and three dozen packages. 
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our warranty 
)ptions. 


A choice in lithium 
that lets you match 
)3acemaker to patient 
sondition...with 
sonfidence. 


all patient conditions were the same, you'd only 

eed one pacemaker. An optimum situation but medi- 
ally unrealistic. The variety of patient needs demands 
variety of implant options. Size, price and warranty life 
e all considerations when matching pacemaker 
patient. The most critical of these factors however is 
arranty life. 

CPI's limited warranties are based on clinical 

ata accumulated since 1972 and theoretical calculated 
ngevity which has been determined for each unit. 

5 such, the warranties are statements of CPI's product 
onfidence and reliability. Confidence and reliability 

at only lithium offers. 

The expanded line and warranties include: 
AAXILITH-10 * MINILITH-8 * MINILITH-5 * MINILITH-3. 
umerical designation indicates warranty life. 
PI pacemakers are available in asynchronous and 
mand models. All units are offered in unipolar 

id bipolar configurations. 

No other pacemaker company can offer you this 
nge of options in models and warranty life... 

in lithium. For your needs, and for your patients. 
Four warranty options. Only from CPI. 
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Introducing the 
Datascope System 42. 
The first system 


specifically designed for 
pulsatile assist. 
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Not very long ago, we introduced the world's first clinical 
device to produce pulsation and counterpulsation from the 
output of the roller pump without the need of an intra-aortic 
balloon or any additional surgery." We called the device the 

Datascope PAD.? 


Since the PAD* was introduced, its clinical use has grown 
rapidly. So much so that we have now created a system 
specifically designed to power it: the Datascope System 42. 

The System 42 is compact, measuring only 17x 16x30 
inches. It fits right next to your heart-lung machine. And it is 
intended for operation by the perfusionist. You don’t need an 
additional person in the Operating Room to run it. 

The System 42 is simple to operate. And we’re happy to 
say it is substantially less expensive to purchase than a 
balloon pump. 

Up until now, you needed a Datascope balloon pump to 
take advantage of the Datascope PAD. With System 42, you 
can get all the clinical benefits of PAD" without a balloon 
pump. Or if you already own a Datascope balloon pump, 
you'll find that System 42 allows you to do pulsatile assist more 
economically and efficiently. 

For more information or a demonstration of the new 
Datascope System 42, write or call: Datascope Corp., Box 5G, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Datascope B. V., 
Kyftenbeltlaan 6, b 
Hoevelaken, Holland, 
Tel. 03495-4514. 


Datascope 
System 42. 
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where compromise 
is out of the question 


When patient safety is of prime concern, 
as it is at Bentley Laboratories, there 
is no room for compromise. That's why, 
at Bentley, we take pride in the total 
production of Bentley tubing. Every 
step, from extrusion through final 
sterilization is completed at our facilities 
in Irvine, California. 

The highest levels of quality control, 
independent laboratory testing, strict 
adherence to manufacturing techniques, 





extreme care in product preparation materials waste, simplify patient billing 
and packaging - all characterize our and provide excellent operating room 
efforts to provide the finest tubing technique.They can be assembled in any 
available for use during extracorporeal combination to meet your individual needs. . 
circulation. Send for your Bentley "Implant ip 
Currently, over 80% of Bentley Tested” Tubing brochure which describes 
“Implant (1 lj Tested" tubingisusedin X in detail the most complete selection of 
Custom Tube Pacs. These convenient disposable blood circuit components 
packages, preassembled to customer available. In addition, it tells how to 
specifications also contain component specify your own Custom Tube Pac. 
parts such as Bypass Blood Filters, Gas Ifyou have an immediate tubing require- 
Filters and Connectors. By combining ment, contact your Bentley representative. 
the desired components with required *U.S.P Class VI Plastics Report available on request. 
tubing lengths, a complete perfusion 
system is formed, sterile-packed in a BENTLEY LABORATORIES, INC. 
disposable tray-ready for instant use. 17502 Armstrong Avenue | .——. 
Bentley Custom Tube Pacs reduce Irvine, California 92705 /^ ^ 
inventory requirements, eliminate (714) 546-8020 \ wo) 





Custom Tube Pacs 


ANTISEPTIC 
SECURITY 


in scrubbing and 
prepping 


For surgeons, nurses and patients 
the prompt, broad-spectrum action 
of BETADINE Microbicides 
provides topical antiseptic security. 


BETADINE Surgical Scrub, for 
scrubbing by the surgical team and 
for optimal skin degerming in 
prepping the patient... promptly 
achieves full microbicidal effect with 
each usage... (in the rare instance 
of local irritation or sensitivity, 
discontinue use in the individual). 


BETADINE Solution or BETADINE 
Aerosol Spray, to enhance antisepsis 

in prepping after initial use of 
BETADINE Surgical Scrub. BETADINE 
Solution and BETADINE Aerosol Spray 
are film-forming...activein the presence 
of blood, pus and serum. . help 
maintain postoperative antisepsis when 
applied to incisions. 
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‘acemaker 
sliability. .. 


omething you both get 
om CPIS 7 


r the physician, this means less frequent 
lacement and fewer problems with the pace- 
iker once it is implanted. For the patient, 

?eans a higher confidence level in his physician 
J greater optimism about his potential for a 
ger, more comfortable life after surgery. 


| established its position of leadership among 
zemaker manufacturers when it pioneered 
research and development of lithium-powered 
se generators. Now, CPI is setting industry 
ndards in pacemaker reliability. For example, 

I's failure rate is approximately .03% per month at 
90% confidence level compared to the failure 

> of .15% per month at the 90% confidence level 
by the Nuclear Regulatory Commission for 
1ear-DOwered pacemakers. This includes all 
orted implants since CPI’s first in 1972. Further 
ical data shows that CPI pulse generators have 
raged more than 2.5 million pacing hours 

an time between failures* CPI has pacemakers 
lanted up to 57 months and to date has not 
erienced premature battery failure. 


Is committed to maintaining the standards of 
ellence that made them the leader in lithium 
reliability...standards that help CPI provide 
with the highest quality pacemaker available. 
can have every confidence in CPI pacemaking 
ems...and so 
your patients. 


of the 
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cemaker 
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VASCULAR TOURNIQUET KIT 


The new Argyle Vascular Tourniquet Kit 
is simple, safe and complete. It elimi- 
nates the clutter of clamps during can- 
nulation of blood vessels. Tension can be 
quickly applied or released.When the re- 
taining plug is set, there’s no danger of 
slippage. The croppable sheath can be 
readily cut to minimum length required. 
further reducing operative field clutter. 


Be . 


BRUNSWICK 





Each sterile Kit contains 2 each of a 
2-inch plastic sheath with a slotted-top 
retainer plug, tourniquet tape, and a 
plastic obturator for drawing the tape or 
suture material through the sheath. 


For more information about this new. 
secure and simple-to-use Vascular 
Tourniquet Kit, contact your Argyle rep- 
resentative or write directly to Dept. A.K. 
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You see twice as much. Your diagnoses are twice as sure. 


The Olympus Bronchofiberscope has been given an ingenious new set of optics and a fiber bundle with 
double the number of fibers. And that means ultimate resolution. Translation: your views are larger, brighter 
and sharper. Olympus famous one-hand control, light-weight compactness and 260° tip angulation add 
patient comfort and easy insertion. See for yourself why most of the world’s bronchoscopists use Olympus. 
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employed to closely conform to the natural porcine aortic valve. Over 70 anatomic stent 

configura tigas, differing in shape and size, are produced from precision castings of actual porcine 
aortic roo fter initial fixation in Purified Glutaralde in each natural porcine aortic valve is 
categor ized on the basis of its individual anatomic features. These features include the natural orifice 
shape; the height, location, and orientation of each commissure; and the size and shape of the right 
coronary cusp. A Delrin* *stent with Dacron**cloth covering is then selected which closely conforms 
to the original anatomic features of each individual porcine valve. This method of considering the 
anatomic characteristics of each porcine valve provides a xenograft mounting technique closely 
retaining the original anatomic configuration and thus providing natural position and support 

for the porcine tissue. 


“Patents Pending 
** Dupont“ 
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ETHICON 


DISPOSABLE 


SKIN STAPLER 


PROXIMATE 


The new PROXIMATE Disposable 
Skin Stapler offers an instrument 
with unique advantages superior to 
any other in the field. 

The PROXIMATE disposable skin 
Stapler is engineered to precise 
surgical requirements of reliability, 
speed, control and placement, ease 
of use and comfort. It avoids the 
disadvantages of current devices and 
provides benefits for the surgeon, 
nurse and patient, as well as the 
hospital. The staple extractor is also 
designed for easy use and patient 
comfort. 
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RELIABLE HUMAN ENGINEERED 


PROXIMATE skin stapler is a single-use, Made of space-age materials, the 
disposable instrument with preloaded PROXIMATE Disposable Skin Stapler 
staples. Thus it is capable of completing weighs much less than conventional skin 
most procedures without the loading or staplers and requires less force to fire? 
reloading problems of conventional de- Minimal weight and force, smooth trigger 
vices. Itis always ready for immediate use action and excellent visibility, provide 


more natural work angles for optimum 
control and accurate placement. 





b 


FAST 


Fully automatic. No precocking. No pre- 
loading. No waiting for conventional de- 
vices in use by other surgeons to be 
%utoclaved and cooled. You are handed 
a fresh, new sterile instrument for your 
personal use for each procedure, just 
like an ETHICON*needle/suture armed 
in a needleholder, ready for use 


NO MAINTENANCE 





Unlike reusable devices, the PROXIMATE 


disposable skin stapler requires no Serv 


icing 
ing, scrubbing, lubricating, wrapping 


resterilization 


no time out for repairs, no clean 
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Close and Dispose 





INEXPENSIVE 


Lower 





No initial capital instrument im 
Preloaded with reqular or wide 
the PROXIMATE disposable Sk 
doesn t require the e» 


essary to complete most procedu 
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DISPOSABLE WM SKIN STAPLER 


Stored in the OR, so it's always Mayo 
Stand ready for delivery to surgeon. Indi- 
vidually blister-packed, 6 sterile instru- 
ments per dispenser box. Choice of 
regular or wide stainless steel staples. 





In the special world of skin closure there 
IS now only one disposable instrument 
of its kind—the all new PROXIMATE skin 
stapler. 


Your ETHICON Sales Representative will A 
be happy to demonstrate one for you. 


ETHICON the dosing word 
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The only exercise 


WheÑa low S.M.1. 

starting flow rate is 

desired) the patient raises 

only the Ball in the first chamber. 

The resting position of the second 

chamber Ball indicates that the desired flow rate has not been 
significantly exceeded. When a higher S.M.I. flow rate is appropriate, 
the patient raises the balls in both the first and second chambers. 
The third chamber ball, at rest, then acts as the monitor. 





1 m incentive 
Deep-Breathing 
Exerciser 


hat: 

ae 

menitors The postoperative loss of spontaneous deep breaths (the 
sigh or yawn), can contribute to atelectasis, pneumonitis 


and hypoxemia— major respiratory complications of 
S ew 1 ele abdominal and thoracic surgery? 


Sustained Maximal Triflo II provides a unique, lightweight monitoring system 
Inspiration for slow S.M.I. When used as directed, Triflo II supports 
“...the most efficacious maneuver available for preventing 
and reversing alveolar collapse’? with minimal risk of 
"...gross over-distention and possible rupture of patent 
alveoli during maximal hyperinflation’ 


m as res Approximate measurement of patient progress can be 
e u made and recorded by charting volume inspired per 
second: light blue (600 cc/sec)*; medium blue 


paltent (900 cc/sec)*; dark blue (1200 cc/sec)* 
The physician, therapist or patient can evaluate progress 
DIWercs5 quickly and efficiently, at a glance. 
*Volume inspired/Time (sec.) 
metivates Triflo II is designed simply and attractively to enable 
patients, physicians and therapists to observe individual 
= improvement through the use of the three chamber 
WI t ree- system. Lightweight, economical, compact, easy to 
assemble, easy to use...requires minimum instruction, 


chamber minimum supervision. ..ideal in the hospital or at home. 
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1. Latimer RG, Dickman M, Day WC, et al: Ventilatory patterns and pulmonary complications after 
upper abdominal surgery determined by preoperative and postoperative computerized spi- 
rometry and blood gas analysis. Am J Surg 122:622-632, 1971. 


2. Bartlett RH, Gazzaniga AB, Geraghty TR: Respiratory maneuvers to prevent postoperative 
pulmonary complications: a critical review. JAMA 224:1017-1021, 1973. 
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3. Demers RR, Saklad M: The etiology, pathophysiology, and treatment of atelectasis. Respiratory 
| gel | Meo Care 21:234-239, 1976. 


Available through select Chesebrough Ponds Inc. 












Introducing the 
Datascope System 42. 
The first system 
specifically designed for 
pulsatile assist. 
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Not very long ago, we introduced the world's first clinical 
device to produce pulsation and counterpulsation from the 
output of the roller pump without the need of an intra-aortic j 
balloon or any additional surgery.' We called the device the 

Datascope PAD.® 


Since the PAD* was introduced, its clinical use has grown 
rapidly. So much so that we have now created a system 
specifically designed to power it: the Datascope System 42. 

The System 42 is compact, measuring only 17x 16x30 
inches. It fits right next to your heart-lung machine. And it is 
intended for operation by the perfusionist. You don’t need an 
additional person in the Operating Room to run it. 

The System 42 is simple to operate. And we re happy to 
say it is substantially less expensive to purchase than a 
balloon pump. 

Up until now, you needed a Datascope balloon pump to 
take advantage of the Datascope PAD. With System 42, you 
can get all the clinical benefits of PAD" without a balloon 
pump. Or if you already own a Datascope balloon pump, 
you'll find that System 42 allows you to do pulsatile assist more 
economically and efficiently. 

For more information or a demonstration of the new 
Datascope System 42, write or call: Datascope Corp., Box 5G, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Datascope p. V., 
Kyftenbeltlaan 6, ^ 
Hoevelaken, Holland, È 
Tel. 03495-4514. 


Datascope 
System 42. 





CLINICAL REFERENCES 1. Bregman, D., et al: “Counterpulsation with a new pulsatile assist device (PAD) in 
open-heart surgery.” Medical instrumentation10:232, 1976. 2. Bregman, D.: “Mechanical Support of the 
Failing Heart.” In Ravitch, M.M. (ed.), Current Problems in Surgery, Chicago, 1976, Vol. XIII, No. 12, pg 63 

3. Bregman, D., et al: “A pulsatile assist device (PAD) for use during cardiopulmonary bypass ' Annals 

of Thoracic Surgery, Dec., 197 7. 4. Bregman, D. et al: "An improved method of myocardial protection with 
pulsation during cardiopulmonary bypass Circulation 56:157 (Suppl. Il), 1977 

*Patent Pending. 











Only 


ETHIBOND 


POLYESTER SUTURE 
has polybutilate 


Uie first coating designed for surgery 


All coated sutures available until now have been coated with 
commercial lubricants. ETHIBOND suture, a braided polyester, is 
coated with polybutilate, also a polyester but developed specifically 
for surgical use. 

Since polyester coating has a natural affinity for polyester 
braid, a strong cohesive attraction forms — and minimum polybutilate 
is required for maximum lubrication. Each suture is uniformly coated 
according to size, virtually eliminating any possibility of the lubricant's 
flaking, shredding or beading. Thus, ETHIBOND suture exhibits less 
tissue reaction compared to sutures which tend to exfoliate their coating. 

With its minimum polybutilate coating, ETHIBOND suture 
has a soft, pliable hand — easy to tie and knot It passes through tissue 
with an ease that can be compared to monofilament suture materials. It 
has high tensile strength, and retains its strength in vivo. 

ETHIBOND suture is available in a full range of sizes, in 
precut unthreaded sutures or swaged to Super-Smooth needles 
specifically designed for cardiovascular surgery. 

The cardiovascular surgeon who prefers braided sutures will 
find the smoothness, strength and minimal reactivity of ETHIBOND 
suture of value in valve replacements, graft-to-tissue anastomoses and 
revascularization procedures. 


ETHICON 











COMPLETE PRODUCT INFORMATION 





ETHIBOND* 


POLYESTER SUTURE 


NONABSORBABLE 
SURGICAL SUTURE, C.S.P. 


DESCRIPTION 

ETHIBOND suture is nonabsorbable, braided, polyester 
(polyethylene terephthalate or MERSILENE* polyester) fiber 
uniformly coated with polybutilate, or poly [oxy-1, 
4-butanediyloxy (1,6-dioxo-1,6-hexanediyl)|. The highly adher- 
ent coating is a biologically inert, nonabsorbable compound 
which acts as a lubricant to mechanically improve the physi- 
cal properties of the uncoated suture by improving ease of 
passage through tissues and by providing overall improved han- 
dling qualities as contrasted to the braided, uncoated fiber. 


ETHIBOND sutures are sterile, inert, and elicit minimal tissue 
reaction. They are braided for optimal handling properties, 
and for good visibility in the surgical field the dyed sutures are 
colored with D&C Green No. 6. 


ACTIONS 

ETHIBOND sutures are strong, nonabsorbable sutures: sub- 
cutaneous tissue implantation in rats shows that no signific- 
ant change in the retention of tensile strength of the suture 
occurs during the entire evaluation period of 180 days. Both 
the polyester fiber suture material and the polybutilate coating 
are pharmacologically inactive. 


INDICATIONS 
ETHIBOND suture is intended for use as a nonabsorbable 
suture. 


CONTRAINDICATIONS 


None 


WARNINGS 
ETHIBOND polyester sutures have not been evaluated in 
ophthalmic surgery. 


Do not resterilize. 


PRECAUTIONS 

As with all sutures, acceptable surgical practice must be fol- 
lowed with respect to drainage and closure of infected 
wounds. 


Knot security requires the standard surgical technique of flat 
and square ties, with additional throws if indicated by surgical 
circumstance and the experience of the operator. 


Two-year carcinogenicity studies in Long-Evans rats demon- 
strated no carcinogenic potential. 


ADVERSE REACTIONS 

Slight erythema and/or induration at suture sites have been 
reported in approximately 2% of the patients in whom 
ETHIBOND sutures have been used, a not unexpected reaction. 


DOSAGE AND ADMINISTRATION 


Use as required per operation. 


HOW SUPPLIED 
ETHIBOND sutures are available sterile as green braided and 


undyed (white) strands in sizes 5 to 7/0 in a variety of lengths, 
with and without needles, in one and three dozen units. 
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THE LANGUAGE OF SCIENCE 
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Two new series 


Topics in Cardiovascular Disease 
Series Editors: Edmund Sonnenblick, M.D. 
and William W. Parmley, M.D. 


The Practice of 
Coronary Artery 


Bypass Surgery 


by Donald W. Miller, Jr., M.D. 
University of Washington, Seattle 


“This monograph . . . comes as a welcome boon 
to cardiologists, surgeons, internists, and 
general practitioners. . . . Dr. Miller has done an 
outstanding job in bringing together in one text 
the important considerations related to the 
evaluation of patients, the natural history of 
coronary artery disease and the benefits and 
problems associated with bypass surgery." 

— from the Foreword by the Editors 
254 pp., illus., 1977, $19.50 


Reviewing Surgical Topics 
Series Editors: Thomas King, M.D. and 
Keith Reemtsma, M.D. 


The Metabolic 
Management of the 


Critically Ill 


by Douglas W. Wilmore, M.D. 


U.S. Army Institute of Surgical Research, 
Brooke Army Medical Center 


Using a clinical approach based on patient man- 
agement, this highly informative and useful pub- 
lication examines the metabolic events which 
accompany critical illness. This handbook, 
Organized as a step-by-step guide, provides the 
scientific foundations for metabolic assessment, 
and for determining optimal treatment modali- 
ties. Price includes the Support Plan, a booklet 
featuring tables and nomograms, plus an ample 
supply of clinician's worksheets. 278 pp., illus., 
1977, $22.50 


PLENUM PUBLISHING CORPORATION 
227 West 17th Street, New York, N.Y. 10011 


Prices subject to change without notice. 
Prices slightly higher outside the U.S. 


















Medtronic’s New Pacemaker Gives You 
Simplicity, Safety and Eight 
Programmable Rotes. 


30 50160 70 7518995190" 


SIMPLICITY. Doctor. the Xyrel^-VP system offers you sim- 
plicity in rate programming. All you have to do is tum a dial 
directly to the rate desired and push a button. Immediately, 
the rate you select becomes the pacemaker pacing rate. 

PROGRAMMABILITY. And when you use the Xyrel*-VP sys- 
tem, all you have to do is adjust rate. There's no need for 
you to make pulse width adjustment. Medtronic's patented 
Constant Energy circuit automatically programs pulse width 
to compensate for the declining voltage of the lithium 
power source. As voltage drops, pulse width increases, 
keeping energy available for stimulation nearly constant. 


SAFETY. The Xyrel*- VP pacemakersystem has built-in safety 
features—such as an interlock switch on the rate controller 
that prevents inadvertent programming of the 30 ppm 
diagnostic rate. You also know the Xyrel*-VP pacemaker is 
safe for your patient because it has the safety features and 
quality control that have made Xyrel* the world's most pre- 
scribed lithium pacemaker. The Xyrel*-VP is the result of 
more than twenty-seven years of pacemaker design, re- 
search and manufacturing experience. It's another leader 
from the company that has a tradition of leadership in 
pacing. 





USING THE 9600A CONTROLLER 


IS AS EASY AS 4, 2, 3 


1. Select the desired pacing rate by turning 
the “Rate” knob. 

2. Center the rate controller directly over the 
pulse generator and hold in place for three 
seconds. 

3. Press and release the “Program Activate” 
button. That's all there is to it! 
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MEDTRONIC® 9600A 
RATE CONTROLLER 
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nostic rate of 30 pom lets you determine 
patients intrinsic rhythm while providing a 
basic pacing rate to maintain circulatory 
system function. An interlock switch on the 
programmer helps prevent inadvertent use 
of the 30 pom program. A special push 
button must be depressed simultaneously 
with the “Program Activate” button to effect 
30 ppm rate, otherwise a 70 pom rate is 
automatically programmed. 


YOU SELECT FROM A WIDE RANGE OF 
RATES. You can choose between seven 
pacing rates (50, 60, 70, 75, 80, 90 and 400) 


NHY SHOULD 
(OU CHOOSE THE 
KYREL-VP SYSTEM? 


THE XYREL'-VP SYSTEM OFFERS A STEP 
'HANGE IN RATE: A step increase or de- 
rease (five or ten beats per minute) is easy 
) measure, yet can provide enough rate 
ariation to provide clinical benefit in both 
Ower and faster rate ranges. 


XYREL"-VP PACEMAKERS OFFER A DIAG- 


YOU GET PROVEN XYREL' DESIGN AND 
PERFORMANCE FEATURES. 


O Constant Energy. A programmed in- 
crease in pulse width providesrelatively 
constant energy to maintain capture for 
most patients as the power source voltage 
drops. 

L] Constant Rate. The selected rate re- 
mains stable for the service life of the pace- 
maker; however, once the voltage depletes 
to a pre-determined, safe level, a gradual 
but easily detected rate decrease occurs 
to communicate the need for bacemaxker 
























O Lithium. Xyrel*- VP offers an advanced 
battery, custom designed by Medtronics 
own Enerlec® lithium power source manu- 

' facturing facility. 

\ []Fine-Tuned Sensing. The Xyrel*-VP cir- 
Cuit offers sensitivity to a wide range of 
R-waves providing efficient sensing and the 
capability to differentiate between R-waves 
and myopotentials or most common forms 
of 60 Hz interference. 

[] Hermetic Seal. Medtronic combines 
Deam welding and the corrosion resistance 
af titaniiim to maintain the intearitv of the 


WITH THE XYREL” -VP SYSTEM 
YOU CAN PROGRAM RATE 
IN A VARIETY OF SITUATIONS 


IN THE STERILE PACKAGE. A special package 
allows you to program the pulse generator 
rate prior to implant, prior to entry into the 
sterile field, without having to sterilize the 
programmer. 

IMMEDIATELY POST-OP. You can change rates 
easily and quickly immediately post-op and 
even during implantation. 

IN YOUR PATIENT'S ROOM OR YOUR OFFICE. 





UNIQUE RATE SELECTION 


Seven pacing rates are available, as 

well as a unique diagnostic rate that allow 
you to determine your patients underlying 
intrinsic rhythm. 


For further information on the applicatior 
and capabilities of the Xyrel"-VP systen 
be sure to fill out the coupon on the follow 
Ing page. 


CLINICAL APPLICATIONS OF RATE PRO- 
GRAMMABILITY. All of the indications for ven- 
tricular demand pacing apply to this prod- 
uct. Rate programming makes the Xyrel* - VP 
particularly useful in a number of clinical 
applications. These include: 


[ Sick Sinus Syndrome. 


O Coronary Heart Disease with Angina 
Pectoris. 


O Valvular Heart Disease. 


O Overdriving Ventricular Arrhythmias. 


MEDTRONIC IMPLANTABLE PULSE GENERATORS 


INTENDED USES Ventricular pacing using an implantable ventricular pulse generator is for long-term therapeutic control of heart rate in patients with impulse formation or conduction 
disorders leading to bradyarrhythmias, tachyarrhythmias and heart block (see product labeling for detailed list of intended uses). 


CONTRAINDICATIONS There are no known contraindications to the use of pacing as a therapeutic modality for the control of heart rate. The patient's age ond medical condition, 
however, may dictote the particular pacing systems and implantation procedure used by the physician 


WARNINGS Diathermy should not be used on patients with pacemakers because of possible heat damage to electronic components. Electrosurgical units should never be used in the 
vicinity of unipolar pulse generators or bipolar pulse generators implanted in the unipolar mode becouse of da 
pulse generator/lead. Pulse generators may be damaged by defibrillatory discharges if the paddles are placed ov 

PRECAUTIONS The physician should be aware that i 


and elevated thresholds, and that proper operation 
SIDE EFFECTS Body rejection phenomena. includ 
related thrombosis, emboiism and cardiac tamponade. 


XYREL' -VP — PART OF A 
COMPLETE, VERSATILE SYSTEM 


The Xyrel*-VP pacemaker is available in both Prescribe the Xyrel'-VP from Medtronic. 
unipolar and bipolar models. The Model 9600A For more information contact your 
controller can program any of the Medtronic Medtronic representative or fill out and 
Xytron* or Xyrel* ventricular inhibited s mail the coupon below. 
rate adjustable pacemakers. Med- 
tronic also offers you advanced 
endocardial and myocardial 
leads. Medtronic also is the 
leader in producing pacemaker 
support products, such as the 
Telelrace” Telephone Monitoring 
System; the Pacing System Ana- 

Iyzer; and atrial and ventricular 
external pacemakers. 


Mail To: Medtronic, Inc., 3055 Old Highway Eight, P.O. Box 1453, 
Minneapolis, MN 55440 USA 


[ ]Send further application and product information on the Xyrel"-VP system. 
C Have your representative contact me. 


JM /Medtronic 


Helping You Help 
the Pacemaker Patient. 


Name Title 
Affiliation 
Street 


Copyright*© 1978, Medtronic, Inc. City 
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“How ARCO Medical Products Company 
is improving the predictability of 
cardiac pacing. 


) 
—an open letter to physicians and 
other members of the medical 
community from Page Thompson, 
President, ARCO Medical Products 








“ARCO Medical Products Company, # Realistic, ‘no-nonsense’ product 


a subsidiary of Atlantic Richfield 
Company—the 12th largest cor- 
porate entity in the United States, 
known principally for its chemical. 
petroleum and mineral operations 
—is now emerging as a leader in 
the highly specialized field of 
cardiac pacemaker systems. And 
Ne would like you to be sure that 
there are substantial benefits 
accruing to you and your patients 
lue to our solid and rapidly growing 
josition in this field. 


To highlight a few of the benefits 
or you wed like to call your 
ittention to the fact that 

\RCO Medical Products Company 
low provides: 


Pulse generators substantially 
improved in predictability 


| A lithium thionyl chloride power 
source with highly desirable 
characteristics 


Significantly increased research 
and development to provide im- 
proved and new products in the 
near future 


A responsible attitude toward 
selling whereby we will not offer 
for sale what we cannot deliver— 
within 48 hours—anywhere in 
the free world 


guarantees 


“To understand how it all began 
look back to the early 1960s. Our 
people were then encapsulating 
nuclear materials used in the naval 
nuclear submarine program and the 
Apollo space program. As a result 
of this experience, we were 
awarded the first AEC contract for 
the encapsulation of nuclear 
material to be implanted in the 








human body. That was the begin- 
ning of the first nuclear-powered 
pulse generator. 


“The precision and expertise put 
into the manufacture of those first 
nuclear-powered units is apparent 
when you see they have been 
functioning effectively for ten 
years, with a long life expectancy 
still ahead of them. 


The nuclear experience evolved 
into the development of pacemaker 
technology that utilized the nuclear- 
precise production and quality 
assurance techniques perfected 
when working on the AEC contract. 


“ARCO Medical Products Company 
helped develop the advanced and 
exclusive lithium thionyl chloride 
power cell, which does not build up 
internal pressure. ARCO Medical 


Products Company developed the 
triple encapsulation process which 
virtually solved the problem of 
invasion and migration of moisture 
within the generators. 

ARCO Medical Products Company 
developed both a component and 
a total unit burn-in' process which 
virtually eliminates initial failures. 
In these ways, and in many others, 
ARCO Medical Products Company 
has succeeded in significantly 
improving the predictability of the 
pulse generator. 


"We are a concerned company, 
and this concern has led us to a 
commitment that no other pulse 
generator company matches: 
improved pulse generators 





supported by a ‘no-nonsense’ 
product guarantee. In essence: 


1. In the event an ARCOlith™ 
pulse generator becomes 
defective for any reason up to 
and including 60 days follow- 
ing implant, ARCO Medical 
Products Company will furnish 
a replacement pulse generator 
at no charge and pay all 
surgical and hospital costs as 
established by third-party 
insurance company pay 
schedules* 


2. |n the event an ARCOlith pulse 
generator becomes defective 
for any reason after 60 days 
following implant up to the end 
of the warranty period* ARCO 
Medical Products Company 
will furnish a replacement 
pulse generator at no charge 
and pay up to a total of $200 
for surgical and hospital costs 
over third-party insurance 


^nmnan nav echedi ilos* 


"Be involved. Take a stand by 
communicating your thoughts to 
us. Whatever your concerns may 
be regarding our products, our 
business philosophy, or your 

hopes for the future of pacemaker 
technology, we would like to hear 
from you. Kindly use the form on 
the following page to jot down your 
thoughts and mail them to me. It will 
be a pleasure to share your ideas: 


Maas. oe O vv 


*Refer to warranty for complete details. 


ARCOlith™ 12, 6, and 4 are now the trade names for pulse 
nenerator models LI-2. LI-4 and LI-3. 


Wed like to hear from you. 


ARCO Medical Products Company 
invites you to communicate your 
thoughts regarding implantable 
pulse generators or manufacturer- 
physician relationships. 


Get involved. Take a stand. Tell us Page Thompson, President 


what's on your mind so we canbe — ARCO/Medical Products Company 
of better service to you and your Subsidiary of AtlanticRichfieldCompany 


1500 Market Street 
patients in the future: Philadelphia, PA 19101 


subject. i sit 


Name 
eee 


Address 





City 





State Zip 
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Subsidiary of AtlanticRichfieldCompany 


Improving the predictability of cardiac pacing 


Corporate Headquarters Technical Center Operations 
1500 Market Street 101 Sherman Avenue P O. Box 546 
Philadelphia, PA 19101 Vandergrift, PA 15690 Leechburg, PA 15656 


(215) 557-2000 (412) 568-3663 (412) 845-8111 


ORIGINAL ARTICLES 


Tumors of the Thymus and Thymic 
Region: I. Clinicopathological Studies on Thymomas 


N. P. Bergh, M.D., P. Gatzinsky, M.D., 5. Larsson, M.D., 


P. Lundin, M.D., and B. Ridell, M.D. 


ABSTRACT A series of 43 patients with thymoma 
was reviewed. The patients were classified with re- 
spect to some factors of prognostic significance. The 
tumors were reclassified histologically, and a staging 
system with three defined stage-groups was applied 
to the series on the basis of operative findings and 
histological examination of surgical specimens. 
Surgical-pathological staging is of high prognostic 
and therapeutic importance in thymomas. 
Complete removal of the tumor was possible in the 
25 patients with stage I or II disease and in 14 of the 18 
patients with stage III tumors. Pleural metastases 
were observed in half of the patients with stage III 
disease. Even patients with extensive local spread or 
pleural metastases were subjected to tumor resection. 
The treatment of choice is radical resection alone in 
stage I; radical extirpation and, if indicated, post- 
' operative radiotherapy in stage II; and radical resec- 
tion whenever possible, even in cases of pleural 
spread, in stage III, with postoperative radiotherapy 
and chemotherapy. Myasthenia gravis is an indica- 
tion rather than a contraindication to radical treat- 
ment of thymoma, although some patients may dete- 
riorate. The importance of total thymectomy is 
stressed. 


The treatment of choice and the prognosis for 
patients with thymoma are controversial sub- 
jects, as is clearly shown by a review of the 
literature. Obviously, this is partly attributable 
to lack of a uniform histological classification 
and standardized criteria for typing thymic 
tumors as well as to differences in selection and 
treatment of patients. The aim of the present 
study was to investigate the clinicopathological 
features of thymomas by analyzing a rather large 
series of surgically treated patients in order to 


From the Departments of Thoracic Surgery and Pathology I, 
Sahlgren's Hospital, University of Góteborg, Gothenburg, 
Sweden. 


Accepted for publication June 21, 1977. 


Address reprint requests to Dr. Larsson, Thoracic Surgical 
Clinic, Sahlgren's Hospital, 413 45 Gothenburg, Sweden. 


identify the most important predictors of survi- 
valand to establish valid rules for managment of 
these patients. 


Material and Methods 


The series comprises 43 patients with 
thymomas, selected from among 82 patients 
with tumors of the upper anterior mediastinum, 
who were subjected to exploratory thoracotomy 
at the Department of Thoracic Surgery in 
Gothenburg between September, 1954, and De- 
cember 31, 1975. The age and sex distributions 
are shown in Table 1. There were 23 men and 20 
women, giving a sex ratio of 1.2 to 1. The average 
age was 51 years, and the age range was 17 to 73 
years. 

Slides, records, and postmortem examination 
reports were reviewed, and all available his- 
tological material was reexamined. Thymomas 
were defined as tumors containing thymus- 
specific epithelial cells together with a varying 
number of lymphocytes. Thus, patients with 
granulomatous thymomas (Hodgkin's disease) 
or non-Hodgkin lymphomas were excluded. 

The patients were classified according to 
symptoms, in particular the presenting symp- 
toms; extent of tumor; and histological type of 
the tumor. Classification of the extent of disease 
was based on operative findings and histologi- 
cal examination of the surgical specimens. Three 
stage-groups were defined, as follows: 


Stage I: Intact capsule or growth within the cap- 
sule 

Stage II: Pericapsular growth into the mediasti- 
nal fat tissue 

Stage III: Invasive growth into the surrounding 
organs, intrathoracic metastases, or both 


The tumors were classified histologically into 
three types: lymphocytic, lymphoepithelial, and 
epithelial. The histopathological classification 
was based on the predominant cell type. Thus, 
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Table 1. Age and Sex Distribution 


—  —MM— M—— a 
Age Group 


10-19 1 0 
20-29 2 0 
30-39 4 2 
40—49 2 4 
50—59 7 4 
60—69 7 2 
70—79 0 / 


Total 23 20 


lymphocytic thymomas contained more than 
80% lymphocytes and epithelial thymomas 
more than 80% epithelial cells. Thymomas of the 
spindle cell type were recorded as epithelial. The 
remaining thymomas were classified as lym- 
phoepithelial. 

Survival and recurrence rate were accepted as 
criteria for evaluating the efficacy of treatment. 
Follow-up has ranged from 6 months to 16 years 
5 months, and survival rates were calculated at 
the end of 1,3, 5,7, and 10 years from the time of 
operation. Correction was made for intercurrent 
deaths and deaths due to the treatment. The 
mortality figures include all deaths occurring 
from any complication that could be attributed 
to the operation or radiotherapy. No postopera- 
tive time limit was applied. Nonfatal complica- 
tions were also analyzed. 


Clinical Findings 


Table 2 shows the clinical findings. The tumor 
was fortuitously discovered during routine ex- 
aminations or in tuberculosis surveys in 17 pa- 
tients, 14 of whom had no symptoms at all. The 
other 3 patients were admitted to the hospital 
because of cutaneous candidiasis, pruritus, and 
eczema, respectively. One patient complaining 
of fatigue and loss of appetite had aplastic 
anemia. Myasthenia gravis was the presenting 
symptom in 6 patients and was found in 2 addi- 
tional patients. Superior vena cava syndrome 
occurred in 2 patients. In the other 17 patients 
the presenting symptoms were less obvious and 
were uncharacteristic. Chest pain was the only 
symptom in 6 patients. 


Table 2. Clinical Presentation at First 
Examination by Stage of Disease 





Symptoms and Signs I II IH 
eee 


None 

Cough 

Dyspnea 

Chest pain 

Fever 

Fatigue 

Weight loss 

Anorexia 

Superior vena cava syndrome 
Aplastic anemia 
Myasthenia gravis" 
Pruritus 

Cutaneous candidiasis 
Eczema 


CO OF RFP RFP OF RP ee Pe BP YQ 
O QOQ m OFF OOO 0 GG wm O C W 
M om OF GOON O ON i UN OF s 


Palpable tumor 


"One further patient developed myasthenia gravis late post- 
operatively. 


Extent of Tumor 


The distribution of tumors by stage of disease is 
shown in Table 3. The stage I thymomas ranged 
in weight from 20 to 440 gm and stage II tumors 
from 30 to 375 gm. The invasive thymomas of 
stage III were larger, weighing from 85 to 1,700 
gm (mean weight, 620 gm). Pleural metastasis 
occurred in 9 patients. 


Histopathological Classification 


The histopathological classification is shown in 
Table 3. Most thymomas (4296) were epithelial 


Table 3. Histopathological Classification 
by Stage of Disease 
————M—— 


Stage 
Cell Type I II II 
a ic gl ' 
Lymphocytic 30D .3(3 4 
Lymphoepithelial 8 1(1  6(1) 
Epithelial 6” 4(1 8(2) 


“Includes 1 patient with pure red cell anemia. 
Figures within parentheses denote patients with myasthenia 
gravis. 
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(Fig 1A). The lymphoepithelial thymomas (Fig 
1B) constituted 35% and the lymphocytic type 
(Fig 1C) 23%. Among the epithelial thymomas 
were 4 cases of spindle cell thymoma, 2 of stage I 
and 2 of stage II extent. No thymomas of the 
rosette-forming variety were found. The 
number of dividing cells was low in all 
thymomas regardless of the stage; usually only 
scattered mitotic figures occurred. A distinct 
polymorphism (Fig 2) among the epithelial cells 
was observed in 4 tumors belonging to stage III. 
There were 9 patients (21%) with myasthenia 
gravis, 4 of whom had thymomas of the lym- 
phocytic type, 2 of lymphoepithelial type, and 3 
of epithelial type. One patient with an epithelial 
thymoma (spindle cell type) had pure red cell 
anemia. 


Treatment 


The treatment given is summarized by stage of 
disease in Table 4. Complete extirpation of the 
tumor was possible in 25 patients with stage 
I or II disease, 15 of whom also received 
radiotherapy. In stage III there were 4 patients in 
whom the tumor could not be removed radically. 
Thirteen patients with stage III tumors received 
radiotherapy, and 5 of them were given adjuvant 
chemotherapy. 

The surgical approaches used are shown in 
Table 5. A combined median sternotomy and 
thoracotomy was necessary in 5 patients because 
of the extent of the tumor. Table 6 shows the 
operative procedures performed. Simple extir- 
pation of the tumor was possible in 13 patients 
with stage I and 5 patients with stage II disease. 
All patients with stage III tumors were subjected 
to extensive operative procedures. Pleuro- 
pneumonectomy was carried out in 3 patients 
with pleural spread; also, the phrenic nerve was 
sacrificed. This nerve was resected in another 5 
patients: in 3 it was sutured directly, but in 2 
patients it was reconstructed by an intercostal 
nerve graft. The left innominate vein was re- 
sected in 9 patients and both innominate veins 
or the superior vena cava in 3 patients. 

The complications from surgical treatment 
and radiotherapy are shown in Table 7. There 
were 6 deaths, 1 of which was probably due to 
radiation damage. Two were caused by surgical 


treatment and radiotherapy in combination; 
they occurred 2 and 5 months, respectively, after 
the operation. There were 3 operative deaths 
among patients with stage III disease; 2 of these 
patients had an extended nonradical resection 
with removal of 1,700 and 580 gm, respectively, 
of tumor tissue. Four serious nonfatal complica- 
tions occurred among patients with stage III dis- 
ease: empyema in 2, and hepatitis and severe 
bleeding in 1 patient each. 


Results 
The results of treatment are summarized in 
Table 8. 

STAGE 1. No operative deaths occurred 


among these patients, but there was 1 death that 
probably resulted from radiation damage. There 
were 3 intercurrent deaths. Thirteen patients in 
this group remained alive and well. No recur- 
rences were observed among patients with Stage 
I disease. 

STAGE II. There were no deaths due to the 
treatment and no complications. One recurrence 
was observed 8 years after operation and incom- 
plete radiotherapy; the patient has received ad- 
ditional radiotherapy with a good response. 
There were 2 intercurrent deaths. Six patients 
remained alive and well. 

STAGE III. The tumor was completely re- 
moved in 14 patients. There were 3 operative 
deaths and 2 further deaths caused by the surgi- 
cal treatment and postoperative radiotherapy. 
Two of the 4 patients who had nonradical resec- 
tions died very early postoperatively. The other 
2 received full courses of radiotherapy. One of 
them was found at operation to have pleural and 
vertebral metastases; he died 10 months later. 
The other patient lived for almost 5 years. He 
was reoperated on twice because of pleural 
metastases and he died of heart failure; a small, 
nonfatal intrathoracic metastasis was found at 
postmortem examination. Of the 11 patients 
who survived operation, pleural spread was 
found at the operation in 8. Pleural recurrence 
was discovered in3 of them and was successfully 
removed at a second operation in 1 case. One 
patient with pleural recurrence died from renal 
failure almost 3 years after the operation, and 1 
remained alive with advanced disease. The 
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Fig 1. Histological types of thymoma: (A) epithelial, 
(B) lymphoepithelial, and (C) lymphocytic. (All 
H&E.) 
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Fig 2 





. Thymoma of the lymphoepithelial type with 
nuclear polymorphism among the epithelial ceils. 
(H&E.) 
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Table 4. Treatment by Stage of Disease 








Postoperative 
Radiotherapy 
Resection ge een 
4,000- 1,000- 
Non- 6,000 3,000 
Stage Radical radical | Rads Rads 
I 17 0 9 0 
8 0 5 1 
LT 14 + 9 4 
Total 39 4 23 5 





Table 5. Surgical Approach by Stage of Disease 








Stage 
Approach I II IH 
Sternal split 5 4 7a 
Right thoracotomy 5 3 6? 
Left thoracotomy d 1 3 
Combined 3 0 2 





“Plus cervical incision in 1 patient. 


other 5 patients with pleural deposits at opera- 
tion were alive and well after radical resection 
and postoperative radiotherapy. One patient 
with symptoms of myasthenia deteriorated after 
the operation and died of myasthenia gravis 10 
months postoperatively despite intensive care 
with respirator treatment for a long period. AI- 
together, 8 patients in this group remained alive 
and well. 


Table 6. Operative Procedures by Stage of Disease 








Stage 
Extent of resection I II III 
Wedge or segment 1 1 4 
Lobe 0 0 6 
Lung 0 0 3 
Pericardium 3 1 10 
Phrenic nerve 1 2 5 
Diaphragm 0 0 4 
Left innominate vein 2 0 7 
Both innominate veins or 0 2 


superior vena cava 





Table 7. Complications of Treatment 
by Stage of Disease 





Severity of Complication 





Tracheostomy 
and 
Respirator Serious, 
Stage Required Nonfatal Fatal 
I 1 0 l 
II 1 0 0 
II 7 4 5 
Total 9 4 6 





Table 8. Results of Treatment 
by Stage of Disease 


Result I i II 


Death due to treatment 1 0 5 
Intercurrent death 3 Z 0? 
Recurrence rate 0 1 5° 
Survival 
Lyr 15/15 8/8 8410 
3 yr 1313 7R 719 
5 yr 8/8 5/5 5/7 
7 yr 6/6 5/5 2/5 
10 yr 4/4 4/4 


———————————————— 


"One patient died of myasthenia gravis. 
"Includes 2 patients who had nonradical excision. 


MYASTHENIA GRAVIS. There were 8 pa- 
tients who had myasthenia gravis when first 
seen. Five of them had complete remission, after 
operation, 2 achieved marked clinical improve- 
ment and reduction of their anticholinesterase 
medication, and 1 deteriorated and died of se- 
vere myasthenia gravis. Recently a ninth patient 
was taken ill with myasthenia gravis, 4 years 
after treatment for a local recurrence. 


Comment 


When one is describing thymomas, it is custom- 
ary to divide them into benign and malignant 
types. Some authors claim that it is possible to 
differentiate between these types by means of 
histological criteria [8]. Others deny this possi- 
bility [12] and therefore avoid the terms benign 
and malignant, differentiating instead between 
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noninvasive and invasive thymomas. The latter 
designations seem more accurate since so-called 
malignant thymomas usually do not spread out- 
side the thoracic cavity, and the mechanism of 
pleural metastasis is not known. In any case, it 
can be concluded that the pleural metastases do 
not have a malignant cytological appearance, in 
contrast to metastases from carcinomas. 

From a clinical point of view the group of 
invasive thymomas seems too imprecise, in- 
cluding as it does both stage II and stage III 
disease according to the system used in the 
present work. Thus, only 1 patient with stage II 
disease had a tumor relapse, while recurrent 
disease occurred in 5 patients with stage III 
tumors. The survival rates differed considerably 
from stage II to stage III, and these two stages 
obviously should not be lumped together. Gen- 
erally there were few local symptoms indicating 
a mediastinal disorder. Systemic symptoms 
were also rare despite the often very large 
tumors. There were fewer symptoms in stage I 
and II than in stage III disease. The most serious 
symptoms occurred in stage III, due to involve- 
ment of adjacent structures or systemic effects of 
the tumor. 

Superior vena cava syndrome seems to be as- 
sociated with a high risk of nonradical resec- 
tion, ahigh operative risk, and a poor prognosis. 
In such cases preoperative irradiation may be 
useful in reducing the tumor size and facilitating 
subsequent operation. Another poor prognostic 
sign seems to be an invasive lesion that cannot 
be removed completely. Three out of 4 patients 
subjected to nonradical resection died very early 
after the operation. 

Pleural metastasis is considered a poor prog- 
nostic finding [1, 16]. Nevertheless, 6 of the 9 
patients in the present series who had pleural 
spread at the time of operation remained alive 
and well after extensive operations and post- 
operative radiotherapy. This experience clearly 
shows the value of an aggressive surgical ap- 
proach even in cases involving pleural meta- 
stasis. The potential risk of pleural implantation 
of malignant cells should be taken into consider- 
ation during the operation to avoid spread due 
to tumor handling. In the present series half of 
the patients with stage III disease already had 
pleural deposits at the time of operation. Pleural 


metastasis was observed in only 1 other patient, 
and this person had been subjected to a nonradi- 
cal operation. 

Recurrent disease after surgical treatment and 
radiotherapy might occur even in cases of 
localized tumor [5]. In the present series no re- 
currence was observed in stage | disease, 1 re- 
currence (12%) in stage II, and 3 recurrences 
(27%) in stage III, among 11 patients who were 
subjected to radical resection and radiotherapy. 
Two other patients with stage III tumors, in 
whom the tumor could not be removed radically, 
had recurrent disease. Three metastatic lesions 
were successfully removed. Thus, metastasis 
with a high prospect of being resectable should 
be treated surgically. 

The excellent results with extremely low re- 
currence rates and very high survival in stage I 
and II disease may be due to our aggressive 
surgical approach, involving extensive excision 
of the tumor together with surrounding tissues. 
Good results with surgical treatment and radio- 
therapy have also been reported by other authors 
(2, 3, 4, 7, 11, 16, 18]. The serious surgical 
complications occurred in patients with stage III 
tumors who were subjected to extensive opera- 
tion. Most complications happened during the 
first part of the study period. The operative risks 
have been reduced considerably during recent 
years with progress in thoracic surgery, anes- 
thesia, and postoperative care. 

In the present series the number of patients 
with recurrent or fatal disease is too low to per- 
mit a conclusion about the value of his- 
topathological classification of thymomas. 
However, close histopathological examination 
of thymic tumors is important for classification 
of the various rare tumors that are primary in 
this region. Thus, at reexamination some pa- 
tients with lymphoma, Hodgkin’s disease of the 
thymus, and other rare tumors could be 
excluded from this clinical series of thymomas. It 
is interesting to note that in our material there 
were no lymph node metastases in cases of so- 
called malignant thymomas. Lymph node 
metastasis has been reported by several authors 
[1, 6, 7, 13]. Cases of so-called granulomatous 
thymoma have obviously been included in ma- 
terial on thymoma. From recent publications, 
however, it seems that the granulomatous lesion 
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in the thymus is in fact Hodgkin’s disease [9, 
10]. The diagnosis of thymoma may be ques- 
tioned in patients with lymph node metastasis, 
and Hodgkin’s disease of the thymus must be 
ruled out. 

Several reports have dealt with thymomas as- 
sociated with paraneoplastic phenomena [14], 
the most common being myasthenia gravis. The 
occurrence of myasthenia gravis with thymoma 
varies from 3 to 80% in the literature [16], most 
figures being close to the 21% in our series. In 
the present investigation the lymphocytic and 
lymphoepithelial types of thymoma were more 
often seen in conjunction with myasthenia 
gravis than was the epithelial type. This obser- 
vation tallies with the finding of other authors. 
The single case of pure red cell anemia was as- 
sociated with thymoma of the spindle cell type, 
as has most often been reported by others [15]. 

Our results after removal of thymoma in pa- 
tients with myasthenia gravis were better than 
have generally been reported [1, 13, 16, 17]. 
Seven of 8 patients experienced marked clinical 
improvement, and only 1 patient deteriorated. 
The good results observed in the present study 
may be due to meticulous extirpation of all 
thymic tissue. It has been shown recently that 
thymic tissue with Hassall bodies occurs in a 
high percentage of cases in the adipose tissue of 
the anterior mediastinum outside the thymic 
capsule [14]. 
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Tumors of the Thym 


us and Thymic 


Region: II. Clinicopathological Studies 


on Hodgkin’s Disease of 


e Thymus 


N. P. Bergh, M.D., P. Gatzinsky, M.D., 5. Larsson, M.D., 


P. Lundin, M.D., and B. Ridell, M.D. 


ABSTRACT Among 82 patients with a tumor in 
the thymic region, 17 had a lesion that fulfilled the 
criteria for Hodgkin’s disease of the thymus; the his- 
topathological differentiation of this entity from 
thymomas is discussed. All patients received surgical 
treatment and postoperative radiotherapy. After a 
mean observation time of 10 years there was no local 
recurrence and no death due to the disease, though 3 
deaths were caused by the treatment. New clinical 
manifestations occurred in 3 of the 14 long-term sur- 
vivors; they were treated successfully by operation or 
irradiation. 

A very aggressive surgical approach involving ex- 
tirpation of all tumor tissue, extensive excision of the 
surrounding tissues and adjacent lymph nodes, and 
supplementary radiotherapy seems to be the treat- 
ment of choice. 


Lymphomas are the most common malignant 
tumors in the thymic region of the mediastinum. 
In large series, 50 to 60% of mediastinal lym- 
phomas are Hodgkin's disease [1, 3]; in about 
half of the cases the thymus is involved [5]. 
Much confusion has arisen concerning medias- 
tinal masses because various histological tumor 
types have been lumped together. The consen- 
sus seems to be that the so-called granulomatous 
thymomas [6] in fact are Hodgkin’s disease of 
the thymus gland [2, 4, 5, 9]. Little is known 
about the biology of this localized form of 
Hodgkin's disease or about the results of com- 
bined surgical treatment and radiotherapy. The 
aim of the present work was to study 
clinicopathological features, and in particular 
the results of combined surgical treatment and 
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radiotherapy, in patients with histological signs 
of Hodgkin’s disease in the thymus. 


Material and Methods 


There were 17 patients with Hodgkin's disease 
in the thymic region among 82 patients with 
benign or malignant thymomas or other malig- 
nant tumors in the upper anterior mediastinum. 
The patients’ average age was 36 years with a 
range of 23 to 58 years. There were 10 men and 7 
women. Eleven patients had originally been 
given the diagnosis of Hodgkin’s disease, while 
3 had been diagnosed as having granulomatous 
thymoma and 3, a tumor of unspecified type. 
None of the patients had signs of Hodgkin’s 
disease outside the mediastinum when first ob- 
served. 

The 17 patients were subjected to exploratory 
thoracotomy at the Department of Thoracic 
Surgery in Gothenburg between 1957 and 1975. 
All were followed until death or to March 31, 
1976. All deaths occurred in the hospital. Case 
records and postmortem examination reports 
were reviewed in every case, and all available 
histological material was reexamined. 

The survival and the course of the disease 
were analyzed in order to evaluate the results of 
treatment. Survival rates were calculated at the 
end of 1, 3, 5, 10, and 15 years. Correction was 
made for intercurrent deaths and for deaths 
caused by the treatment. Fatal and nonfatal 
complications were investigated. 


Clinical Findings 


Table 1 shows the clinical findings. The tumor 
was fortuitously discovered in 10 patients, 7 of 
whom had no symptoms at all. Mediastinal 
widening on roentgenograms had been found in 
2 patients 16 months and 6 years earlier, respec- 
tively. Pruritus occurred in only 1 patient. Local 
symptoms indicating advanced disease were 
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Table 1. Clinical Presentation of the Disease 


ei 


Symptoms and Signs No. of Patients 


None 
Cough 
Dyspnea 
Chest pain 
Fever 


Anorexia 
Weight loss 
Pruritus 
Anemia 


High erythrocyte sedimentation 
rate 


Hoarseness 
Superior vena cava syndrome 2 


———— 


observed in 3 patients. Mediastinoscopy was 
performed in 11 patients. Biopsies from the 
mediastinal lymph nodes were positive in 2 of 
them. 


7 
4 
3 
3 
3 
Fatigue + 
1 
1 
1 
2 
5 


— 


Extent of the Lesion 


The resected tumors weighed 280 gm on the 
average, ranging from 62 to 1,835 gm. Involve- 
ment of surrounding organs was found in 12 
patients. The lungs were involved macroscopi- 
cally in 6 patients. In 10 cases remnants of the 
thymic horns were seen as projections from the 
tumors. In 7 patients the tumor was situated in 
the thymic region but nothing was mentioned 
about the thymus in the surgeon’s report. 
Lymph node enlargement was observed in 10 
patients. 


Morphological Findings 

The thymic tumor was grossly nodular and usu- 
ally traversed by broad sclerotic bands. Small 
areas of necrosis were occasionally seen, and in 2 
cases obvious cyst formation was observed. The 
microscopical findings are summarized in Table 
2. Microscopically, sclerotic bands surrounded 
cellular tumor nodules containing varying num- 
bers of lymphocytes, histiocytes, eosinophilic 
and neutrophilic leukocytes, and multinu- 
cleated giant cells (Figs 1—3). The cellular compo- 
sition varied among the different tumors and 
also within individual lesions. Not only did the 


Table 2. Histopathological Findings 


E — MÀ —R € E os 


Microscopical Findings No. of Patients 


Thymic epithelium in tumor 17 
tissue 

Normal thymus present 13 

Tumor growth adjacent to 10 
thymus 

Hodgkin's disease in lymph 10 
nodes 

No disease in lymph nodes 5 

No lymph nodes examined P. 


ccc is dM 


sclerosis surround the tumor nodules, but often 
finely dispersed sclerotic bands traversed the 
cellular areas of the tumors (Fig 4). This dis- 
persed sclerosis was present to varying degrees 
in 15 patients. 

Giant cell formation was observed in all pa- 
tients and was pronounced in 5 (Fig 5). The giant 
cells often had abundant cytoplasm with large, 
vesicular nuclei containing one or several nu- 
cleoli. Some of the giant cells fulfilled the criteria 
for a Reed-Sternberg cell (Fig 6). Mitotic figures 
were found in all cases and were often numer- 
ous. In 11 patients atypical mitotic figures were 
observed. The thymus was identified mac- 
roscopically in 10 patients. In all cases thymic 
tissue (epithelial cells and Hassall bodies) was 
found at the periphery of the lesion or within the 
tumor tissue. 

In 10 patients the mediastinal lymph nodes 
contained tumor tissue; in 8 cases there was only 
partial involvement of the lymph nodes. In these 
8 cases small foci of large, atypical cells with 
vesicular nuclei containing nucleoli and sparse 
giant cells of Reed-Sternberg type were found 
(Fig 7). Occasionally there was a small area of 
necrosis in the center of these foci. Scattered 
eosinophilic leukocytes were observed in the 
involved lymph nodes. Thus, the microscopical 
appearance of the lymph nodes was consistent 
with Hodgkin's disease of mixed cellularity 


type. 


Treatment 


The treatment given to the patients is sum- 
marized in Table 3. Fourteen patients had 
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Fig 1. Low-power view of thymic Hodgkin's disease. 
Nodular cellular parts (N) are separated by sclerotic 
bands (SB). Remnants of the thymus gland (TH) are also 
seen. (H&E.) 


radical resection of the tumor, 2 had nonradical 
resection, and 1 had exploration only. The 15 
operative survivors received full courses of 
radiotherapy varying from 4,000 to 6,000 rads. 
Two patients later had chemotherapy and addi- 
tional radiotherapy, 1 because of enlarged cervi- 
cal lymph nodes and 1 because of suspected 
pulmonary lesions. 

The surgical approaches that were used are 
shown in Table 4. In 6 patients the tumor had 
to be removed through a combined lateral 
thoracotomy and median sternotomy. The 
operative procedures performed are shown in 
Table 5. Pulmonary tissue was resected in 6 pa- 
tients, 1 of whom had a pneumonectomy. The 
left innominate vein was sacrificed in 4 patients, 
the superior vena cava in 1 patient, and one of 
the phrenic nerves in 7 patients. Direct nerve 
suture and reconstruction with an intercostal 
nerve graft was done in 3 patients each, with 
success judged from observations of the dia- 
phragmatic movements. 





Complications that could be attributed to the 
combined treatment are shown in Table 6. There 
were 3 deaths. One patient had had only a non- 
radical resection despite removal of 1,835 gm of 
tumor tissue with resection of the superior vena 
cava and insertion of an artificial graft. He had 
superior vena cava syndrome postoperatively 
from thrombosis in the graft and died 14 days 
after the operation. One patient with superior 
vena cava syndrome and a very large tumor 
underwent exploration only. He died 2 days 
after the operation. The third patient died 4 
months after operation from infection and car- 
diac complications caused by the surgical and 
radiological treatment. There were 2 serious 
nonfatal complications. One patient had a se- 
vere esophageal stricture and pulmonary fibro- 
sis caused by irradiation. This patient died of cor 
pulmonale and respiratory failure 10 years after 
the operation. Another patient had superior 
vena cava syndrome after postoperative 
radiotherapy and additional irradiation of en- 
larged cervical lymph nodes thought to be 
Hodgkin’s lymphomas. This patient is alive and 
clinically free from disease 15 years after the 
operation. 
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igure 
1. Hassall bodies (HB), atypical giant cells (GC), and 
eosinophils (eo) are seen. (Hematoxylin—van Gieson.) 


Fig 3. Cellular area of tumor with mixed cell 
population. There is a Reed-Sternberg cell in the 
center (arrow). (H&E.) 
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Fig 4. Two different tumors with fine sclerotic bands 


(sb) traversing the cellular part. (H&E.) 


Fig 5. Prominent giant cell formation in a thymic 


tumor. (H&E.) 
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Fig 6. Reed-Sternberg cell (RSC). (H&E.) 


Fig 7. Focal involvement of a lymph node. Several 
atypical cells (arrows) are seen. (H&E.) 





Table 3. Treatment of the 17 Patients 
with Hodgkin's Disease 








Treatment No. of Patients 
Resection 

Radical 14 

Nonradical 2 
Nonexcisional procedure 1 


Postoperative radiotherapy 15 





Table 4. Surgical Approach in the 17 Patients 
with Hodgkin's Disease 


eee 


Approach No. of Patients 
——DO€— — HÀ ln ae 
Sternotomy 4 
Thoracotomy 7 
Combined approach? 6 





“Bilateral thoracotomy and sternotomy were used in 1 pa- 
tient. 
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Table 5. Operative Procedures in the 17 Patients 
with Hodgkin's Disease 


Extent of Resection No. of Patients 


Exploratory thoracotomy only 1 
Simple extirpation 5 
Wedge of a lung 1 
Lobe(s) 3 
Lung 1 
Pericardium 8 
Left innominate vein 4 
Superior vena cava 1 
Phrenic nerve 7 
Vagus nerve 3 


Table 6. Complications of Combined Treatment 
in 17 Patients with Hodgkin's Disease 


Severity of Complication No. of Patients 


Tracheostomy and respirator 6 
required 

Serious nonfatal 2 

Fatal 2 

Results 


In the present series there was no local recur- 
rence, and no deaths occurred due to the disease 
except for the 3 caused by treatment. The results 
are summarized in Table 7. One intercurrent 
death occurred 11 years after the operation. Thir- 
teen patients remained alive and well, free from 


Table 7. Results of Combined Therapy in 17 
Patients with Hodgkin's Disease 








Result No. of Patients 
Death due to treatment 3 
Intercurrent death T" 
New clinical manifestations 3" 
Survival 
1 yr 14/14 
3 yr 12/12 
5 yr 8/8 
10 yr 6/6 
15 yr 2/2 





“Radiation damage contributory. 
"Treated successfully. 


clinical disease; 6 have been followed for 10 
years or more. 

Three patients developed a pleural metastasis 
or lesions outside the thorax suspected to be 
Hodgkin's disease. One patient subjected to non- 
radical excision of the tumor and postoperative 
radiotherapy developed enlarged cervical lymph 
nodes, first on the left and later on the right side. 
This patient had additional radiotherapy and 
also received chemotherapy. She was alive 15 
years after the operation. Another patient had a 
metastatic pleural lesion removed at a second 
operation 4 months after the first one. He was 
alive and well almost 8 years after the last opera- 
tion. The third patient had a cytologically 
proved Hodgkin’s lesion of the thyroid gland 
215 months after the operation. Radiotherapy 
was instituted postoperatively in this area also. 

Direct invasion of pulmonary tissue had been 
present initially in 6 patients; all but 1 remained 
alive. The 3 patients with recurrent disease be- 
long to this group. 


Comment 


On the basis of morphological studies, it has 
been suggested that the thymus may be the site 
of origin of Hodgkin’s disease [10]. Most pa- 
tients with Hodgkin’s disease do not develop 
thymic tumors, however. In a postmortem study 
[8] of cases of advanced Hodgkin's disease, only 
26% of the patients had involvement of the 
thymus; most of them also had widespread dis- 
ease in the mediastinum. Hodgkin’s disease in 
the upper anterior mediastinum may be primary 
in the thymus or in the mediastinal lymph 
nodes. The best way to establish that the pri- 
mary site is in the thymus seems to be the obser- 
vation at operation that the tumor is situated in 
the thymic region and that the thymic horns 
project from the mass, supported by the micro- 
scopical finding of thymic epithelium in the 
tumor. In the present investigation, thymic tis- 
sue adjacent to the tumor was observed by the 
surgeon in 10 cases. Microscopically, thymic tis- 
sue was found near or in the mass in all cases, 
supporting the view that the processes were 
initially localized to the thymus. 

The histopathological differentiation of 
Hodgkin's disease of the thymus from thy- 
momas has been debated by several authors [2, 
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4, 5, 9]. Recently it has been pointed out that 
so-called granulomatous thymomas in fact are 
Hodgkin’s disease of the thymus [4, 5]. How- 
ever, the cytological appearance of the thymic 
lesion has been found to differ from that gener- 
ally seen in Hodgkin’s disease. Thus, apart from 
Reed-Sternberg cells, other types of giant cells, 
considered to be derived from the thymic 
epithelium, have been observed. In our material 
5 patients exhibited marked formation of giant 
cells in some areas of the tumor, with atypical 
mitotic figures. In 3 of these cases there were 
diagnostic signs of Hodgkin’s disease in the 
lymph nodes. The thymic tumors are consider- 
ably larger than Hodgkin’s lesions primarily in- 
volving lymph nodes at other sites. A large part 
of the weight is not due to tumor tissue, however, 
but to a desmoplastic reaction in and around the 
tumor. The fibrous reaction is found not only 
around the cellular tumor nodules but also 
within these structures. Thus, microscopical fea- 
tures are present which are usually not seen in 
Hodgkin’s disease; but with the present mor- 
phological approach to diagnosing that entity, it 
seems appropriate to call these nodular scleros- 
ing tumors Hodgkin’s disease of the thymus. In 
our opinion, classification of the thymic lesion 
according to the system of Lukes, Butler, and 
Hicks [7] is not possible, but the focal involve- 
ment of lymph nodes must be classified as 
Hodgkin's disease of mixed cellularity. 

The results of the combined surgical and 
radiological treatment were remarkably good in 
the present series. Excluding intercurrent death 
and death due to treatment, there was 100% 
survival after a mean observation time of 10 
years. Recurrent disease was observed in only 
21% of the long-term survivors, including 1 pa- 
tient with a pleural metastatic lesion that was 
successfully resected. Keller and Castleman [5] 
reported a 5-year survival of 79%, and more than 
half of their patients who were followed experi- 
enced recurrences. Katz and Lattes [4] reported 
mediastinal recurrences in 8 of 17 patients, and 
only 10 were apparently free from disease. Four 
of them had been followed for longer than 5 
years. The good results in the present series may 
be due to our very aggressive surgical approach, 
with extirpation of all tumor tissue, extensive 
excision of surrounding tissues and adjacent 


lymph nodes, and adequate postoperative 
radiotherapy. 

Direct invasion of the lungs seems to be a poor 
prognostic sign [5]. All3 patients with recurrent 
disease in the present series had pulmonary in- 
volvement, which obviously should be taken 
into consideration when postoperative irradia- 
tion is being planned. Another poor prognostic 
sign seems to be the superior vena cava syn- 
drome. There is a high risk with nonexcisional 
Operation as well as a high operative risk. In 
such cases preoperative irradiation may be use- 
ful in reducing the mass, thus facilitating the 
Operation; otherwise these patients should be 
treated by radiation therapy alone or in combi- 
nation with chemotherapy. 

Staging laparotomy has been considered use- 
ful in Hodgkin’s disease. From our results, how- 
ever, the value of such a procedure may be ques- 
tioned in patients with Hodgkin’s disease of the 
thymus and adjacent mediastinal lymph nodes 
who are treated by radical operation and 
adequate postoperative radiotherapy. 
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‘How would you improve 
the predictability of 
' today's pulse generator? ~ 





e With a more dependable 
power source? 


) e With special circuitry? 
* With a triple hermetic seal? 


e With two voltage 
depletion indicators? 


e With low specific gravity? 


e With less risk of 
product failure? 


| * With a “no-nonsense” j 
k product guarantee? 





Your pulse generator has 





Improved predictability with 
the only lithium thionyl 
chloride power source. 
Lithium thionyl chloride, with 
one of the highest energy 
densities presently known, 
permits a small, lightweight 
battery that is longer lasting 
than other cells of comparable 
size in any given application. 
Individual cell hermetic 
sealing and no generation of 
internal pressure contribute to 
the fact that there has not 
been areport of a single power 


source failure in clinical use(1). 


Improved predictability with 
specially designed circuitry. 
Developed specifically for 
use with our exclusive power 
cells, this circuitry offers long 
life and reliability. In fact, our 
power cells are electrically 
connected in atruly redundant 
fashion, which assures unin- 
terrupted operation even if 
one cell should fail (2). 


Improved predictability with a 
triple hermetic sealing 
process. 

The power cells, the elec- 
tronics, and the outer case of 
corrosion-resistant titanium 
are all individually hermet- 
ically sealed to provide dual 
protection and virtually isolate 
components from the invasion 


and migration of body fluids(3). 


In essence: 


PULSE RATE 


FAILURE RATE 


AUTOMATIC RATE 











BURN-IN PERIOD 


70 
DAYS 


> 





Improved predictability with 
two voltage depletion 
indicators. 

Both an automatic and mag- 
netic pulse rate provide 
advance warning of cell volt- 
age depletion. The magnetic 
rate begins to decrease a 
number of months prior to the 
automatic rate to provide 
ample replacement time (4). 


Improved predictability with a 
more natural specific gravity 
than most pulse generators. 
The specific gravity of 
ARCOlith™ pulse generators 
is just slightly greater than that 
of the body’s tissues; thus, 
migration is minimized for 
added patient comfort. 


Improved predictability with 
an extended “burn-in” test. 
Prior to market release every 
unit must undergo 70 days of 
operation. This virtually 
eliminates initial implant 
failure and assures you and 
your patients of effective per- 
formance and long life (5). 


FAILURES 


RANDOM 
FAILURES 
bd ww 


TIME VOLTAGE 
(DEPENDING «€ DEPLETION 
ON MODEL) BEGINS 


FAILURE RATE AS A FUNCTION OF TIME 


The predictability of ARCOlith pulse generators has been 
so improved they carry a“no-nonsense’ product guarantee 


1. Should an ARCOlith pulse generator become 
defective for any reason up to and including 60 days 
following implant, we will replace it and pay all 
reasonable surgical and hospital costs* 


*See warranty for specific details. Warranty applies in U.S.A. only. 


+idealized graph based on extrapolated data. 


ARCOlith™ 12. 6, and 4 are now the trade names for pulse generator models LI-2, LI-4 and LI-3. 


2. Should an ARCOlith pulse generator become 
defective for any reason after 60 days up to the 
end of the warranty period* we will replace it and 
pay up to $200 in surgical and hospital costs? 


Every ARCOlith pulse generator 
offers you these 
predictable features: 


e Titanium and epoxy casings 
proven Corrosion resistant to body 
fluids and compatible with human 
tissue over long periods of time 





























* EMI shielding, high-reliability 
filtering components, and special 
circuits help to protect against 
electromagnetic interference 


* Higher interference rate than the 
basic pacing rate provides addi- 
tional protection against PVCs and 
competition, which may occur at 
lower levels 


* High-input impedance enhances 
R-wave sensing 


* Output stage contains voltage : 
pulse doubler, which allows truly 
redundant power cells 


Visible temperature indicator 

informs whether unit has been 
subjected to excessive rpo 
aluro pror to T 
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Tumors of the Thym 


us and Thymic 


Region: III. Clinicopathological Studies 
on Teratomas and Tumors of Germ Cell Type 
N. P. Bergh, M.D., P. Gatzinsky, M.D., S. Larsson, M.D., 


P. Lundin, M.D., and B. Ridell, M.D. 


ABSTRACT Inaseries of 82 patients with tumors of 
the thymus and thymic region there were 11 with 
teratomas and germinal tumors. Four of these pa- 
tients had benign cystic teratomas, 4 had malignant 
teratomas, 1 had an embryonal carcinoma, and 2 had 
seminomas. The benign teratomas were removed by 
simple extirpation without complications. The 
malignant teratomas were highly invasive, and de- 
spite extensive operations and postoperative 
radiotherapy, 3 of the 4 patients died within 9 
months. One patient with predominantly 
seminomatous differentiation of the teratoma was 
alive and well more than 3 years after the operation. 
The patient with an embryonal carcinoma died after 4 
months. One of the 2 patients with seminoma re- 
mained alive 20 years after radical excision and post- 
operative radiotherapy. The other, who had a huge 
seminoma, died during operation. 

The prognosis in patients with seminomas or with 
predominantly seminomatous structures in teratomas 
seems to be good after combined radical excision and 
radiotherapy, although nonradical resection fol- 
lowed by radiotherapy may be justified in high-risk 
patients. 


Teratoid tumors and other tumors of germ cell 
type are usually primary in the testes or ovaries. 
Sometimes these masses are found at extrageni- 
tal sites such as the sacrococcygeal region, pineal 
body, or mediastinum. In the mediastinum, 
teratomas are usually located in the thymic re- 
gion. The aim of the present study was to exam- 
ine the clinicopathological features of teratoid 
tumors of the mediastinum in order to evaluate 
factors influencing the choice of therapy and the 
prognosis. 
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Patients and Methods 


There were 4 patients with benign ‘oratoma, 4 
with malignant teratoma, 1 with an aibryonal 
carcinoma, and 2 with seminoma among 82 pa- 
tients with benign or malignant tumors in the 
upper anterior mediastinum. All 11 patients 
were followed until death or to December 31, 
1976. Allavailable histological material, together 
with case records and postmortem examination 


reports, was reviewed. 


Clinical Findings 


The 4 benign teratomas occurred in women aged 
19 to 41 years. In 2 patients without symptoms 
the tumor was discovered during radiological 
surveys. The other 2 patients had obstruction or 
pains in the thorax, and the tumors were found 
on chest roentgenograms. The 5 malignant 
teratomas occurred in men ranging from 16 to 53 
years of age and the embryonal carcinoma in a 
19-year-old man. The initial symptoms in 4 of 
the 5 patients were weight loss, fatigue, cough, 
dyspnea, and thoracic pains. One patient had 
had a benign teratoma removed abroad 13 years 
earlier. In 1 patient with a carcinoma of the anus 
the mediastinal tumor was discovered on chest 
roentgenogram; this patient had no symptoms 
from the mediastinal tumor. The 2 patients with 
mediastinal seminoma were both 35-year-old 
men. Their initial symptom was thoracic pain. 
None of these patients had testicular tumors. 


Extent of the Lesion 


The benign teratomas ranged from walnut sized 
to as large as an orange. In 2 cases the mass was 
adherent to the pericardium and in 1 case to the 
phrenic nerves. The malignant teratomas varied 
in weight from 400 to 1,400 gm. The pericardium 
was involved in all patients and the lungs in 4. In 
1 patient the tumor had grown in continuity into 
the myocardium. This tumor was biopsied only. 
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No case of spread to the pleura or lymph nodes 
was found. The embryonal carcinoma was a 
tumor weighing 850 gm located in the upper 
anterior mediastinum and infiltrating the right 
lung. One seminoma was radically removed in 
spite of its weighing 2,100 gm. The other 
seminoma was of about the same size. Both 
these tumors had infiltrated the lungs and the 
pericardium. 


Morphological Findings 


The benign teratomas were polycystic, the cysts 
being filled with gelatinous or sebaceous mate- 
rial. Microscopically the cysts were lined with 
epithelium of different types. In the cyst walls 
differentiated tissues from three germ layers 
were found. Thymic tissue was discovered adja- 
cent to the tumor in 2 cases and within the tumor 
in 1. 

The malignant teratomas had an irregular 
border and contained cysts of varying size as 
well as necrotic or fibrotic areas. In all 4 tumors, 
tissues of different types were found. The 
tumors were classified according to the princi- 
ples proposed by Friedman [4]. In 2 cases glan- 
dular elements and cystic structures lined by 
neoplastic epithelium were seen in a cell-rich 
stroma (Fig 1). The other 2 malignant teratomas 
each contained one distinctly malignant compo- 
nent; in 1 case this was classified as an undiffer- 
entiated carcinoma, and in the other as a 
seminoma. 


Fig 1. Malignant teratoma with chondroid tissue, 
cysts lined by a cylindrocellular epithelium, and a 
cell-rich stroma. (H&E.) 





The embryonal carcinoma showed extensive 
necrosis and bleeding. The vital tumor tissue 
was composed of large cells exhibiting a pro- 
nounced polymorphism and several atypical 
mitotic figures. Some of the tumor cells were 
arranged in tightly packed cellular areas and 
others in a syncytial fashion (Fig 2), a feature 
which in some areas gave the tumor the appear- 
ance of a choriocarcinoma. 

Grossly the 2 seminomas were nonencapsu- 
lated and bosselated, with a soft, whitish gray 
cut surface traversed by fibrous bands. Micro- 
scopically the tumors were composed of isiands 
of large cells with irregular nuclei and often 
prominent nucleoli. These areas were separated 
by a fibrous stroma with varying collagen con- 
tent. Collections of lymphocytes were found in 
the stroma (Fig 3). No other differentiated 
epithelial or mesenchymal tissues were ob- 
served. The mediastinal seminomas had a mi- 
croscopical appearance similar to that of a tes- 
ticular seminoma. These 2 tumors had originally 
been diagnosed as thymomas. 


Treatment 


The treatment is summarized in Table 1. All 
benign teratomas were removed radically. Three 
patients with malignant teratoma and the pa- 
tient with embryonal carcinoma were subjected 
to curative resection. One patient with a malig- 
nant teratoma had exploration only. Postopera- 
tive radiotherapy was given in doses varying 


Fig 2. Embryonal carcinoma. Polymorphic tumor 
with areas of syncytial arrangement of tumor cells 
(S.a.) and compact cellular areas (C.a.). (HGE.) 
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Fig 3. Seminoma. Tumor lobules composed of cells 
exhibiting polymorphism, prominent nucleoli, and 
mitotic figures (M). In the stroma there is marked 
lymphocytic infiltration (arrows). (H&E.) 
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from 4,000 to 6,000 rads. One seminoma was 
radically removed; this patient also received 
radiotherapy. The other patient with a semi- 
noma was subjected to nonradical surgery. 
The surgical approach and operative procedure 
are shown in Tables 2 and 3. No operative or 
postoperative complications occurred in pa- 
tients with benign or malignant teratomas. One 
patient with a huge seminoma died during the 
operation from uncontrollable bleeding. 


Results 


All patients with a benign teratoma were alive 
and well after a mean observation time of 93 
months (range, 35 to 174 months). Two patients 
with malignant teratoma and the patient with an 
embryonal carcinoma died of widespread dis- 
ease 2 to 6 months after the operation. The pa- 
tient who had a malignant teratoma of the 
mediastinum and anal carcinoma died from 
spread of his anal lesion 9 months after the 
thoracic operation. No evidence of spread from 
the teratoma was found postmortem. One pa- 


Table 1. Treatment Given in 11 Patients with Mediastinal Teratoid Tumors 


Malignant 
Teratoma 
and 
Benign Embryonal 
Teratoma Carcinoma Seminoma 
Treatment (N = 4) (N = 5) (N = 2) 
Resection 
Radical 4 4 1 
Nonradical 0 0 1 
Nonexcisional procedure 0 1 0 
Postoperative Radiotherapy 0 o 1 
Table 2. Surgical Approach in 11 Patients with Mediastinal Teratoid Tumors 
BENED MNMEEEEENMNUAMMM c 
Malignant 
Teratoma 
and 
Benign Embryonal 
Teratoma Carcinoma Seminoma 
Approach (N = 4) (N = 5) (N = 2) 
Sternotomy 2 2 1 
Thoracotomy 
Left-sided 1 1 0 
Right-sided 2 1 
Combined approach 1 0 0 
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Table 3. Operative Procedures in 11 Patients with Mediastinal Teratoid Tumors 


Malignant 

Teratoma 

and 

Benign Embryonal 

Extent of Teratoma Carcinoma Seminoma 
Operation (N = 4) (N = 5) IN = 2) 
Exploratory thoracotomy only 0 1 0 
Simple extirpation 4 0 0 
Wedge resection of a lobe 0 1 0 
Lobectomy 0 2 1 
Pericardial resection 0 4 1 
Resection of left innominate vein 0 2 1 
Resection of phrenic nerve? 0 3 0 


“Reconstruction with an intercostal nerve graft was done in 1 case. 


tient with a predominantly seminomatous 
malignant teratoma was alive and well more 
than 3 years after the operation. One patient 
who had a seminoma remained alive and well 
after 20 years. The other patient with this type of 
tumor died during the operation. 


Comment 


The mediastinum ranks next to the gonads as the 
most common site of teratoma. The origin of 
mediastinal teratomas and germ cell tumors is 
still debated. According to one hypothesis, the 
tumors arise from primitive cells that descended 
in the mediastinum with the thymic anlage [8]; 
this explanation is supported by the fact that 
teratomas and germ cell tumors are usually lo- 
cated in the upper anterior mediastinum near or 
within the thymus [8]. Another opinion holds 
that these mediastinal tumors are derived from 
aberrant embryonal germ cells [3]. 

In the present series the age and sex distribu- 
tions were fairly similar to those in earlier publi- 
cations [1, 2, 6, 7, 9, 10]. Thus, most patients 
were between 20 and 40 years of age, and there 
was male dominance among the patients with 
malignant teratoma. However, the strong female 
dominance in our small series of benign 
teratomas is at variance with other studies, in 
which an equal incidence between the sexes has 
been reported. 

The prognosis in patients with malignant 
teratoma seems to be very poor [6]. In patients 
who have large malignant tumors, hazardous 


extensive surgical procedures seem to be of little 
benefit. Most small and medium-sized tumors 
can be removed without difficulty during surgi- 
cal exploration. In patients with large tumors a 
limited surgical procedure for establishing a re- 
liable histological diagnosis should be per- 
formed. Reduction of the mass should be con- 
sidered when the operation can be carried out 
without any risk to the patient. All patients with 
malignant teratoma should be given postopera- 
tive radiotherapy, chemotherapy, or both. One 
patient with a surgically removed malignant 
teratoma was alive and well 3 years after opera- 
tion. Interestingly, a benign teratoma had been 
removed earlier in this patient. At the second 
operation there was a malignant teratoma of 
predominantly seminomatous differentiation. 
The microscopical finding of seminomatous 
areas in malignant teratomas seems to support 
the view that these tumors are closely related to 
seminomas of the mediastinum. 

Several cases of mediastinal seminoma have 
been reported, and these tumors have the same 
morphological features as their counterparts in 
the testis [5]. One of our 2 patients with 
seminoma has lived more than 20 years, and the 
single survivor in the group with malignant 
teratoma had predominantly seminomatous dif- 
ferentiation. The prognosis after radical treat- 
ment and radiotherapy seems good in patients 
with this type of tumor, which is consistent with 
observations reported by other workers [10]. On 
the other hand, a limited surgical procedure fol- 
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lowed by radiotherapy may be justified in 
high-risk patients. In patients with large tumors 
the use of a local bypass shunt reduces the risk of 
uncontrollable bleeding. 

When the tumor involves both innominate 
veins or the superior vena cava, blood may be 
temporarily shunted past the tumor area by 
means of a local shunt consisting of a heparin- 
coated tube with a cannula at each end. The 
distal cannula is secured by pursestring sutures 
in one of the innominate or jugular veins. The 
proximal cannula is inserted in the right atrial 
appendage. The veins are immediately cross- 
clamped on both sides of the tumor to ensure a 
high flow rate in the tube. A small dose of hepa- 
rin may be given to prevent clotting. With this 
technique the central veins can then be resected 
and reconstructed. 


References 


1. Boyd DM, Midell AI: Mediastinal cysts and 
tumors. Surg Clin North Am 48:493, 1968 


10. 


. Cox JD: Primary malignant germinal tumors of 


the mediastinum: a study of 24 cases. Cancer 
36:1162, 1975 


. Fried BM: Tumors of the Lungs and Medias- 


tinum. Philadelphia, Lea & Febiger, 1958 


. Friedman NB: The comparative morphogenesis of 


extragenital and gonadal teratoid tumours. 
Cancer 4:265, 1951 


. Levine GD: Primary thymic seminoma—a neo- 


plasm  ultrastructurally similar to testicular 
seminoma and distinct from epithelial thymoma. 
Cancer 31:729, 1973 


. Pachter MR, Lattes R: “Germinal” tumors of the 


mediastinum: a clinicopathologic study of adult 
teratomas, teratocarcinomas, choriocarcinomas 
and seminomas. Dis Chest 45:301, 1964 


. Ringertz N, Lidholm SO: Mediastinal tumors and 


cysts. Thorac Surg 31:458, 1956 


. Schlumberger HG: Teratoma of the anterior 


mediastinum in the group of military age. Arch 
Pathol 41:398, 1946 


. Vidne B, Levy MJ: Mediastinal tumors. J Thorac 


Cardiovasc Surg 7:59, 1973 

Wychulis AR, Payne WS, Clagett OT, et al: Surgi- 
cal treatment of mediastinal tumors. J Thorac Car- 
diovasc Surg 62:379, 1971 


Sustained-Release Implants of Chemical 
Carcinogens in the Canine Tracheobronchial Tree 


Kimito Matsumura, M.D., Edwin C. Shors, M.S., Paul C. Fu, Ph.D., 
Arthur H. Cohen, M.D., and John R. Benfield, M.D. 


ABSTRACT A proved carcinogen, benzo|[a |pyrene 
(BP), was incorporated into liquid silicone rubber 
polymer which was then vulcanized into solid form. 
Discs of BP polymer containing 9.05 to 12.12% BP 
were sutured into the trachea and right main bronchi 
of 10 dogs which were observed for3 to8 months. The 
discs were either in contact with the endobronchial 
surface of the mucosa or placed into submucosal 
pockets. All discs that were implanted submucosally 
remain in place. Only 2 discs implanted by the fixa- 
tion method were extruded. The pocket implants of 
BP polymer caused ulceration and erosion of the mu- 
cosa; these changes did not occur from discs of 
polymer without carcinogen. To date these implants 
have induced squamous metaplasia with atypical 
changes. A method for sustained-release implanta- 
tion of carcinogens in the canine tracheobronchial 
tree has been developed. 


Finding simple methods of producing cancer isa 
goal of experimental pulmonary carcinogenesis. 
Implantation of a wire mesh matrix that allows 
chronic exposure to 20 methylcholanthrene (20 
MCA) has proved successful in causing lung 
cancers in rats and hamsters [4]. This approach 
permits localization of carcinogen at preselected 
sites and eliminates the need for serial applica- 
tion or injection techniques. 

Recent improvements in the chemistry of 
silicone elastomer have expanded the use of 
this substance for medical research. Fu and asso- 
ciates [3] reported the sustained release of 
acetohexamide from elastopolymer in micro- 
gram quantities in an in vitro model. The rate 
of release was concentration dependent over 
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a period of several months. We have incorpo- 
rated the heterocyclic aromatic hydrocarbon 
benzo[a]pyrene (BP) into silicone elasto- 
polymer. Now we are reporting our technique 
for sustained-release carcinogenesis in a canine 
model. 


Materials and Methods 
Sustained-Release Material 


Five grams of BP was combined with 36.25 to 
50.25 gm of silicone rubber in liquid form* in a 
glass petri dish (13 x 60 mm). The two sub- 
stances were vigorously stirred to form a 
homogenous mixture. Two drops of catalyst, 
stannous octate, were added, and the petri dish 
was allowed to stand for 2 hours until the com- 
pound solidified. Henceforth, the silicone 
rubber-carcinogen compound shall be referred 
to as BP polymer. The BP polymer was about 1.5 
mm thick, and it consisted of 9.05 to 12.1296 of 
carcinogen. 


Surgical Procedure 

Under general anesthesia with intravenous 
sodium thiopental (10 mg/kg), a right tho- 
racotomy was performed through the fourth 
interspace of mongrel dogs. The azygous vein 
was ligated, and the trachea and right main 
bronchus were exposed. At this time the pre- 
viously modified cuffed endotracheal tube was 
advanced into the left main bronchus under di- 
rect vision through a flexible Machida broncho- 
scope. Atthe site selected for implantation a3 cm 
longitudinal incision was made into the 
tracheobronchial tree. 

Two methods for implantation of the BP 
polymer were used. The first consisted of fixing 
the polymer directly to the epithelial surface by a 
mattress suture of 5-0 stainless steel monofila- 
ment wire. This shall be referred to as the fixa- 


“Silastic 382 Med Elastomer, Dow Corning Corp, Midland, 
MI 48640. 
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tion method. The other method consisted of 
forming a pocket between the epithelial surface 
and the cartilaginous rings. After careful separa- 
tion of the submucosa covering two or three 
cartilaginous rings by means of endarterectomy 
instruments, the polymer could be placed in the 
submucosa. It was secured in place by a5-0 wire 
suture. This technique is called the pocket 
method. Following implantation of the polymer, 
the incisions in the trachea and main bronchus 
were approximated with interrupted 4-0 silk su- 
tures, and the chest was closed. The fixation 
method and the pocket method are illustrated in 
Figure 1. 

The size of polymer depended on the location. 
Discs 5 X 5 X 1.5 mm were implanted in the 
trachea. Discs 2.5 X 2.5 X 1.5mm were placed in 
the bronchus. The discs contained from 0.85 to 
4.55 mg of BP. 


Protocol 


Polymer discs without carcinogen (control 
polymer) were implanted by both methods into 


Fig 1. Discs of BP polymer were applied to the wall 
of the tracheobronchial tree by two techniques: (A) 
sutured to the tracheal wall by the fixation method; 
(B) implanted in the submucosa of the trachea by the 
pocket method. Discs were also fixed to the wall of 
the right main bronchus (C). 
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3 dogs for the purpose of assessing feasibility of 
the technique. Each of 7 dogs had 3 discs of BP 
polymer implanted. Two of these discs were 
placed by the fixation method, and 1 was im- 
planted by the pocket method (Fig 1). 

The course of the implants and their effects 
were determined by serial biopsies and cytolog- 
ical sampling of mucosa directly adjacent to the 
polymer. These biopsies and samplings were 
accomplished by bronchoscopy that was done 
weekly during the first postoperative month and 
at monthly intervals thereafter. 


Results 


A total of 27 polymer discs were implanted in 10 
dogs. This included 7 dogs that had 14 pieces of 
BP polymer placed by the fixation method and 7 
discs placed by the pocket method. Three dogs 
each had 2 pieces of control polymer implanted 
by either the pocket or fixation techniques. 

No technical complications or extrusion of 
implants occurred within the first month. Over 
the long term, now 4 to 8 months, none of the 
control polymer discs placed by either the fixa- 
tion method or the pocket method was lost. The 
mucosa overlying pocket implants without car- 
cinogens remained intact. However, 2 of 14, or 
1496, of BP polymer discs implanted by the fixa- 
tion method were extruded. All 7 BP polymer 
discs implanted by the pocket method remain in 
place 4 to 8 months after operation. However, in 
each instance the mucosa overlying the disc was 
fully ulcerated and gone within the first month. 
Thereafter, the pocket implants appeared essen- 
tially the same as those which had been placed 
by the fixation method. 

Serial bronchoscopic observations revealed 
consistent erosion and some ulceration of the 
epithelium covering the BP polymers implanted 
by the pocket technique. This was associated 
with localized edema, and it occurred within the 
first 2 weeks. Thereafter, the epithelium overly- 
ing implants placed by the pocket method was 
identical grossly to that adjacent to implants 
placed by fixation. Mucosal irregularity was the 
dominant epithelial feature for both the fixed and 
the pocket technique. 

In response to BP polymer, squamous meta- 
plasia was consistently found within the first 
postoperative week. Basal hyperplasia was regu- 
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Fig 2. (A) Squamous metaplasia of bronchial without carcinogens. (B) Squamous metaplasia with 
epithelium and coexistent basal hyperplasia atypia 5 months after BP polymer implantation. 
adjacent to BP polymer 1 week after implantation. (H&E; X 250.) 


This development did not occur adjacent to implants 
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larly associated with squamous metaplasia in- 
duced by implants of BP polymer by the pocket 
method. Implants of BP polymer by the fixation 
method caused squamous metaplasia without 
associated basal hyperplasia. One dog has de- 
veloped atypical metaplasia with increased 
mitotic activity 5 months after implantation of 
BP polymer by the pocket method. These find- 
ings are illustrated in Figure 2. 

Bronchoscopic and microscopical observation 
of the control polymers has demonstrated nor- 
mal epithelium. 


Comment 


A large-animal model for the study of bron- 
chogenic carcinoma could be invaluable in re- 
search aimed at improved diagnosis and therapy 
for this catastrophic disease. To date, no such 
model exists that is reliable. Although we and 
others have reported our experience with serial 
endobronchial carcinogenesis in dogs, the ap- 
proaches to date have been expensive. 
Moreover, they have required much time from 
professionals and skilled technicians. Com- 
pared with previously described methods [5, 6], 
a major advantage of the approach we have de- 
scribed here is the potential reduction of man- 
power requirements. 

Kuschner and associates [4], on the basis of 
the studies of Andervont [1], implanted a wire 
mesh that was impregnated with 20 MCA. This 
method was quite successful in producing 
squamous cell carcinoma of the lung in 
hamsters. Its success in small animals encour- 
aged us to pursue this general approach in dogs. 
To date we have elected to use BP for sustained- 
release carcinogenesis simply because the 
pathogenesis of the lesions it produces in dogs is 
fully familiar to us. In the future we may well 
wish to use other stronger carcinogens. 

Concerning the inert carrier for pharmacolog- 
ical sustained release, Shimkin and associates 
[7] reported the successful use of cholesterol pel- 
lets as a vehicle for the sustained release of stil- 
bestrol. Likewise, Bryan [2] related experience 
with cholesterol pellets during urinary bladder 
carcinogenesis in mice. However, our experi- 
ence with cholesterol pellets was unsatisfactory. 
Although the pellets could be readily formed, 
they were extremely brittle, and they fractured 


when surgical implantation was attempted. In 
addition, cholesterol is slowly absorbed along 
with the carcinogen. This inhibited localization 
and identification of the site of implantation. 
These disadvantages of cholesterol impaired . 
quantitative studies of the kinetics of phar- 
macological release of carcinogens. As a conse- 
quence, alternative vehicles were sought. 

Fu and associates [3] reported the sustained 
release of acetohexamide from prevulcanized 
silicone rubber as a possible therapeutic tech- 
nique for diabetes mellitus. In vitro release was 
found to be dose dependent and detectable in 
microgram quantities for more than 200 days. 
Silicone rubber has the attractive qualities of 
being flexible, durable, and inert. Using this 
substance as a vehicle, we formed polymers that 
contain BP which is released in sustained fash- 
ion.* 

In concept, both the fixation and pocket 
methods of implantation of BP polymer have 
advantages. Our experience showed that after 1 
month the polymers implanted in pockets regu- 
larly ulcerated through the epithelial surface. 
When that occurred, the BP polymers inserted 
by the pocket method assumed the appearance 
of those placed by fixation technique. Both tech- 
niques produced bronchoscopic and microscop- 
ical changes at a similar rate. It is not yet clear 
whether the pocket method or the fixation 
method is the more effective approach to car- 
cinogenesis. 

Time will tell whether or not sustained release 
of BP from implanted BP polymers will cause 
lung cancers in dogs. Dose-response studies and 
release rate studies of the carcinogen are cur- 
rently underway. To date we know that the 
technique we have described can release enough 
carcinogen to cause preneoplastic changes in the 
canine bronchus after a single implantation pro- 
cedure. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-fifth Annual Meeting of the South- 
ern Thoracic Surgical Association will be held at 
the South Hampton Princess Hotel, Bermuda, 
on Nov 9-11, 1978. There will be a $100 registra- 
tion fee for nonmember physicians except for 
guest speakers, authors and coauthors on the 
program, and residents. 

Members wishing to participate in the scien- 
tific program should submit abstracts in tripli- 
cate, by June 1, 1978, to Harvey W. Bender, Jr., 
M.D., Department of Surgery, Vanderbilt Uni- 
versity, Nashville, TN 37203. Abstracts should 
be double-spaced on one side of one sheet of 


paper, with a 1-inch left margin, and limited to 
200 words. All slides used during the presenta- 
tion must be 35 mm. The abstract must list a 
member as coauthor. Manuscripts of accepted 
papers must be submitted to The Annals of 
Thoracic Surgery by Oct 15, 1978. 

Applications for membership should be com- 
pleted by Sept 1, 1978, and forwarded to Ronald 
F. Galloway, M.D., 1467 HarperSt, Augusta, GA 
30902. 


J. Kent Trinkle, M.D. 
Secretary- Treasurer 


Myocardial Revascularization in 
Patients Receiving Long-Term Propranolol Therapy 


Marvin M. Kirsh, M.D., Douglas M. Behrendt, M.D., A. Peter Jackson, M.D., 
Prakash Dhadphale, M.D., Siray Alseri, M.D., James Brymer, M.D., 


Mark B. Orringer, M.D., 


ABSTRACT Twenty-seven patients receiving long- 
term propranolol therapy underwent myocardial re- 
vascularization to relieve stable or unstable angina. 
The patients were randomly divided into two groups, 
one (Group 1) in which propranolol was discontinued 
48 hours prior to operation and one (Group 2) in 
which patients received a final dose of propranolol 1 
to 2 hours prior to operation. 

Several physiological variables were compared, 
and there was no statistically significant difference 
between the groups except for a slower pulse rate in 
Group 2 patients. Although the patients in Group 1 
showed a greater frequency of hypertension before 
bypass, the incidence of postoperative complications 
and perioperative myocardial infarction was the same 
for both groups. 

The findings of this study indicate that myocardial 
revascularization is safe even if propranolol is ad- 
ministered up to 1 or 2 hours before operation. 


The beneficial effect of the beta-adrenergic 
blocking agent propranolol in the treatment of 
patients with ischemic heart disease is well es- 
tablished. Beta-adrenergic blockade reduces the 
force of contraction and heart rate and thus re- 
duces the oxygen requirements of the myocar- 
dium, thereby preventing or delaying the onset 
of angina. Theoretically, because propranolol 
produces inotropic and chronotropic blockade, 
its use in connection with myocardial revas- 
cularization might lead to disastrous results. In 
1972 Viljoen and associates [14] described 5 pa- 
tients who had been receiving long-term pro- 
pranolol therapy and who failed to survive a 
coronary artery bypass operation. Propranolol 
was implicated as the cause of postoperative 
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cardiac failure and death, although other factors, 
such as inadequate revascularization, poor left 
ventricular function, and myocardial depression 
secondary to methoxyflurane, may have caused 
the low cardiac output states. Nevertheless, on 
the basis of this small group of patients, these 
authors recommended that propranolol be 
withheld for two weeks before operation to 
make certain that the drug and any of its metabo- 
lites have been eliminated. However, it may not 
always be possible to discontinue propranolol 
prior to operation, since some patients may 
require emergency operation or develop ad- 
verse cardiovascular sequelae after its discontin- 


uance. 
Recently, Jones and associates [6] and Moran 


and co-workers [11] retrospectively analyzed a 
group of patients undergoing myocardial revas- 
cularization while receiving propranolol within 
12 to 48 hours of operation. The incidence of 
intraoperative and postoperative complications 
was found to be no different in patients taking 
propranolol than it was in those not taking the 
drug. There have been no randomized prospec- 
tive studies of patients receiving long-term 
propranolol therapy in whom the drug had been 
stopped prior to myocardial revascularization. 

The purpose of this study is to report our clini- 
cal and hemodynamic observations in a group of 
patients taking propranolol, in some of whom 
the drug was randomly stopped prior to coro- 
nary artery bypass grafting. 


Methods 


Twenty-seven patients receiving long-term 
propranolol therapy and undergoing myocardial 
revascularization for stable and unstable angina 
were randomly divided into two groups. The 13 
patients in Group 1 had their propranolol dis- 
continued 48 hours prior to operation, whereas 
the 14 patients in Group 2 received their final 
dose of propranolol 1 to 2 hours prior to opera- 
tion. The anesthesiologists were kept unaware 
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of the patients’ grouping. Morphine (10 to 15 
mg) and scopolamine (0.2 to 0.4 mg) were used 
as premedication. Upon the patient's arrival 
in the operating room, a 7F Swan-Ganz 
thermistor-tip triple-lumen catheter was posi- 
tioned in the pulmonary artery through the right 
internal jugular vein for cardiac output, central 
venous pressure, and pulmonary arterial wedge 
pressure monitoring. Cardiac output was de- 
termined by the thermodilution technique. 

Following a 5-minute stabilization period, the 
patient was preoxygenated and the following 
baseline studies were obtained: cardiac index, 
mean arterial pressure, central venous pressure, 
pulmonary artery pressure, pulmonary capillary 
wedge pressure, and heart rate. Using an IVAC 
pump for control, morphine was administered 
atarate of 5 mg per minute until the patient had 
received 1.5 mg per kilogram of body weight. 
After intubation, anesthesia was maintained 
with nitrous oxide (3 liters each), pancuronium 
(0.15 mg/kg}, and additional morphine given at 5 
mg per minute until a maintenance level of 3 mg 
per kilogram was reached. Hypertension, de- 
fined as systolic pressure 2096 above the highest 
recorded preoperative pressure, was treated 
with nitroprusside until the systolic pressure 
returned to preoperative levels. Hypotension, 
defined as systolic pressure 2096 below the low- 
est recorded preoperative pressure, was treated 
by volume expansion, discontinuation of ni- 
trous oxide, and intravenous phenylephrine until 
the systolic pressure returned to preoperative 
levels. The baseline hemodynamic measure- 
ments were recorded prior to and after intuba- 
tion, 30 minutes after cardiopulmonary bypass, 
and 24 hours later. 

The operations were performed using basi- 
cally similar techniques. All anastomoses were 
done while the patient was on cardiopulmonary 


bypass. The body temperature was decreased to 
28"C with a heat exchanger. Iced Ringer's lactate 
was poured over the heart to produce ventricular 
fibrillation. The left ventricle was decompressed 
with a sump catheter inserted through the right 
superior pulmonary vein. The distal anas- 
tomoses were performed with the aorta 
clamped. In the intervals between performance 
of the distal anastomoses the aortic clamp was 
released. After the distal anastomoses were 
completed, the proximal anastomoses were per- 
formed with a partially occluding clamp. During 
construction of the proximal anastomoses, re- 
warming was begun. If hypertension occurred 
after cardiopulmonary bypass, patients were 
treated with nitroprusside until the systolic 
pressure returned to preoperative levels. If 
hypotension occurred after bypass, patients 
were treated with inotropic agents such as iso- 
proterenol, glucagon, or simultaneous infusion of 
levarterenol and phentolamine; if necessary, the 
intraaortic balloon pump was used. 


Results 


The two groups were analyzed as to age, dose of 
propranolol, pattern of anginal pain, presence of 
preoperative systemic hypertension, presence 
of preoperative myocardial infarction, preopera- 
tive left ventricular function, number of coro- 
nary artery bypass grafts, development of 
perioperative myocardial infarction as demon- 
strated by electrocardiographic evidence of new 
Q waves, and complications before and after 
cardiopulmonary bypass such as hypotension 
and hypertension (Tables 1-4). Serum pro- 
pranolol levels were not available. Since it has 
been shown that no beta-adrenergic receptor ac- 
tivity persists 48 hours after discontinuance of 
therapy, this time interval was chosen for cessa- 
tion of the drug in Group 1 patients. 


Table 1. Preoverative Risk Factors and Number of Bypass Grafts Inserted 


Preoperative Total Grafts 
per Patient 
Age Myocardial Hyper- Unstable Average Grafts 
Group (yr) Infarction tension Angina 1 2 3 4 or More per Patient 
1 55.4 (42-69) 69% 54% 15% 2 5 3 3 2.6 
(9/13) (7/13) (2/13) 
2 54 (31-72) 50% 50% 50% 2 6 3 3 2.5 
(7/14) (7/14) (7/14) 





A 
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Table 2. Indices of Left Ventricular Function 


No. of Patients 


Function Group 1 Group 2 
Normal ventricular 9 7 
contraction 
Ejection fraction 4 7 
< 0.6 
Elevated resting 4 6 


LVEDP (> 12 mm Hg) 


LVEDP = left ventricular end-diastolic pressure. 


Table 3. Complications Before 
Cardiopulmonary Bypass 


No. of Patients 


Kind of Complication Group 1 Group 2 


None 7 10 
Hypertension 6 3 
Hypotension 1 0 


The overall group differences for each of the 
physiological variables were subjected to analy- 
sis of variance, and the Student t test was 
applied to changes within each group to extract 
paired data. The mean dose of propranolol was 
75 mg per day (range, 20 to 160 mg/day) in Group 
1 patients, and the mean dose of propranolol was 
80 mg per day (range, 40 to 160 mg/day) in Group 
2 patients. Despite the fact that a random selec- 
tion process was used, there were only 2 patients 
with unstable angina in Group 1 and 7 patients 
with unstable angina in Group 2. There was only 
1 complication associated with cessation of 
propranolol. A patient with unstable angina ex- 
perienced exacerbation of symptoms upon 
withdrawal of propranolol. Propranolol was re- 


Table 4. Complications After 
Cardiopulmonary Bypass 


No. of Patients 


Kind of Complication Group 1 Group 2 


None 4 6 
Hypertension 6 6 
Hypotension 5 3 
Intraaortic balloon required 1 

Myocardial infarction 2 3 


started with relief of symptoms, and this patient 
was included with the Group 2 patients. 

The incidence of complications before car- 
diopulmonary bypass differed between the two 
groups. Hypertension occurred more frequently 
in patients whose propranolol was stopped (Ta- 
ble 3). The pulse rate of Group 2 patients tended 
to be lower than that of Group 1 patients (56 + 
2.6 versus 67 + 3.2) (Tables 5, 6). In the entire 
series, only 1 patient from Group 1 developed a 
serious ventricular arrhythmia prior to bypass, 
from which he was successfully resuscitated. 

The incidence of postoperative complications 
was the same in both groups (Table 4). There 
was no difference in the incidence of periopera- 
tive myocardial infarction. Two of 3 Group 2 
patients who sustained perioperative infarc- 
tions had undergone urgent operations for un- 
stable angina. One patient in Group 1 sustained 
his perioperative infarction during a prolonged 
and difficult intubation. None of the patients 
who suffered a perioperative infarction died. 
There was no correlation between development 
of new Q waves and the need for inotropic sup- 
port or for use of the intraaortic balloon. 

The physiological variables before and after 
intubation and after cardiopulmonary bypass 
are shown in Tables 5 and 6. Only before intuba- 


Table 5. Hemodynamic Changes in Group 1 Patients with Inderal Stopped 








Before After 30 Minutes 24 Hours 
Indices Intubation Intubation Postbypass Postbypass 
Heart rate 67 33.2 80 + 4.4 103 2.30 94 
Mean arterial 102 + 4.0 106 + 3.8 88 + 3.3 85 + 2.5 
pressure 
Carciac index 2.2 2 0.18 3.1 + 0.22 2.6 + 0.19 3.2 + 0.26 


(Limin/m?) 
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Table 6. Hemodynamic Changes in Group 2 Patients Left on Inderal 


Before After 30 minutes 24 Hours 
Indices Intubation Intubation Postbypass Postbypass 
Heart rate 57 522-6 66 + 3.8 90 + 2.5 87 + 4.1 
Mean arterial 101 = 4.5 106 + 4.7 93 + 3.7 87 + 2.6 
pressure 
Cardiac index 24 3 Oud 2.8 © 0.12 2.42 t 0.16 3.0 + 0.2 


(Limin/m?) 


tion was there a difference in cardiac index be- 
tween the two groups. The cardiac index aver- 
aged 2.7 + 0.1 liters per square meter of body 
surface area in Group 2 and 3.2 + 0.1 in Group 1 
(p « 0.05). Thereafter there was no statistically 
significant difference in cardiac index between 
the two groups of patients. There was also no 
statistically significant difference in mean arte- 
rial pressure between the two groups at any 
point during the study. 


Comment 


Long-term prcpranolol administration has been 
effective in reducing the frequency and severity 
of angina. Although the drug is generally well 
tolerated, adverse reactions including bradycar- 
dia, hypotension, bronchospasm, and conges- 
tive heart failure may occur. Because of its 
known myocardial depressant activity, pro- 
pranolol has been implicated by some inves- 
tigators as the cause of low cardiac output and 
death following myocardial revascularization. 
Therefore it has been recommended that pro- 
pranolol be discontinued gradually prior to coro- 
nary artery bvpass. Abrupt cessation of pro- 
pranolol has been associated not only with 
exacerbation of symptoms but with serious car- 
diovascular sequelae as well. Sudden death, 
myocardial infarction, ventricular arrhythmias, 
and acute coronary artery insufficiency have 
been described [4, 7, 9]. Mizgola and associates 
[10] reported that abrupt cessation of pro- 
pranolol was followed by 15 acute coronary events 
in 19 patients who had been experiencing an- 
gina for periods ranging from 7 days to 6 years. 
Similar experiences have been reported by Al- 
derman and associates and Nellen [1, 12]. The 
mechanism of the occurrence of the acute syn- 
dromes is unknown. As a result, it is recom- 
mended that if propranolol is to be discon- 


tinued, the dose should be gradually tapered 
and not abruptly stopped. However, it may not 
always be possible to discontinue propranolol 
prior to operation. | 

In humans, propranolol has a relatively short 
plasma half-life (3 to 6 hours), and tissue levels 
approach zero within 48 hours after cessation of 
ongoing therapy [5]. Faulkner and associates [5] 
showed that propranolol would not be detected 
in samples of plasma and left atrial tissues 48 
hours after withdrawal from long-term therapy. 
On the basis of their studies these authors con- 
cluded that a withdrawal time of 48 hours is - 
sufficient for complete recovery from the cardiac 
effects of propranolol and any possible active 
metabolites. More recently Coltart and as- 
sociates [3], using radioactive labeled pro- 
pranolol, demonstrated that neither chemically 
measured propranolol nor evidence of phar- 
macological activity of either propranololor pos- 
sible active metabolites was present 24 to 28 
hours after cessation of propranolol. Romagnoli 
and Keats [13] described 34 patients whose 
propranolol therapy was discontinued 18 to 48 
hours prior to myocardial revascularization. Be- 
cause these authors found no difference in blood 
pressure and heart rate response to a test dose of 
isoproterenol between patients on propranolol 
and patients who had never taken it, they be- 
lieved there was no effective beta-adrenergic 
blockade 18 to 48 hours after withdrawal of pro- 
pranolol. 

Clinical experience with patients taking pro- 
pranolol within 12 to 48 hours of myocardial re- 
vascularization substantiates these studies. Col- 
tart [3], Faulkner [5], Jones [6], Moran [11], and 
Caralps [2] and their associates, as well as 
others, found no difference in the incidence of 
intraoperative or postoperative complications or 
mortality between patients receiving long-term 
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propranolol therapy and those never given 
propranolol. Although the two groups of pa- 
tients were comparable with respect to severity 
of coronary artery disease, valid conclusions 
cannot be drawn from these studies, since a ran- 
dom selection process was not used and the 
studies were retrospective in nature. 

Despite the fact that propranolol is a myocar- 
dial depressant, in our patients there was no 
difference in cardiac index after intubation and 
after cardiopulmonary bypass between those 
continuing to take propranolol and those in 
whom the drug was stopped. These results are at 
variance with those reported by Viljoen and as- 
sociates [14]. All of their patients experienced 
postoperative left ventricular failure, which they 
attributed to propranolol intake. Since those pa- 
tients were anesthetized with methoxyflurane, 
an agent that inhibits sympathetic activity and is 
also a known myocardial depressant, the low 
cardiac output was probably secondary to the 
combination of methoxyflurane and pro- 
pranolol. Since neither methoxyflurane nor 
halothane was used in our patients, the myocar- 
dial depression produced by propranolol was 
offset by an increase in sympathetic activity. 
oimilar physiological responses have been re- 
ported by Kropriva[8]ina small group of patients 
undergoing myocardial revascularization while 
continuing to receive propranolol [8]. 

The pulse rate in our patients continuing to 
take propranolol was lower than the pulse rate in 
patents in whom the drug was stopped, espe- 
cially postoperatively. Since an increase in heart 
rate raises myocardial oxygen demands and 
leads to imbalances between myocardial oxygen 
demand and supply, the slower heart rate would 
lessen the likelihood of perioperative myocar- 
dial ischemia. 

The results of this study also demonstrate that 
maintenance of propranolol therapy up to the 
üme of operation does not increase the inci- 
dence or severity of complications prior to or 
following cardiopulmonary bypass. The inci- 
dence of hypotension or perioperative myocar- 
dial infarction was the same in both groups. 
Since cessation of propranolol may be associated 
with adverse cardiovascular sequelae, especially 
unstable angina, this study also shows that 
propranolol may be safely given up to the time of 
operation without any untoward consequences. 


If hypotension develops during the operation, 
it should be treated initially by decreasing the 
depth of anesthesia, by volume replacement, or 
by the use of inotropic agents. The preferred 
inotropic agents are large doses (5 to 20 ug/min) 
of isoproterenol or glucagon. Since glucagon 
produces the desired inotropic effect without 
causing concomitant tachycardia, it is recom-. 
mended for treatment of low cardiac output in 
patients undergoing operation while continuing 
to receive propranolol. 

In conclusion, this study has demonstrated 
that myocardial revascularization is safe even if 
propranolol is administered to within 1 to 2 
hours of operation. 
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Carotid Endarterectomy: Results in 100 Patients 


William P. Cornell, M.D. 


ABSTRACT One hundred twenty-two carotid en- 
darterectomies were done in 100 patients in various 
clinical states of occlusive disease (4 with 
asymptomatic bruit, 61 with transient ischemia at- 
tacks, 35 following stroke) with an overall operative 
mortality of 3.27%. The 4 deaths all occurred among 
patients who had existing deficits when operated on. 
Among 82 operations done for transient ischemia or 


- asymptomatic bruit there were no deaths; 2 transient 


but no permanent deficits resulted. Surgical man- 
agement is described. During long-term follow-up, 3 
patients in the transient ischemia group acquired 
deficits (4.6%), but no strokes occurred among the 
patients with asymptomatic bruits. Six cerebral 
deaths are reported (both early and late); 5 of them 
occurred among poststroke patients and the sixth was 
related to an unoperated, diseased carotid artery. 


Carotid endarterectomy has become increas- 
ingly more acceptable to clinicians in the treat- 
ment of cerebrovascular insufficiency. Indica- 
tions for as well as contraindications to 
operative management have become more pre- 
cisely defined [1, 2, 4, 9, 17, 19], and the results 
to be expected are generally well known. Numer- 
ous large series have been reported recently in 
which mortality is less than 396 and the inci- 
dence of postoperative neurological deficit is 
less than 4% [12, 14, 16]. This article is a report of 
100 consecutive patients treated for cerebrovas- 
cular insufficiency. The study period spans the 
ten years from July, 1966, to May, 1976. 


Materials and Methods 


During a ten-year period 122 carotid endarterec- 
tomies were carried out on 100 private patients. 
Fifty-seven were men and 43 were women. The 
median age was 65 years. The men ranged in age 
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from 40 to 78 years with an average of 63.4 years; 
among women the ages ranged from 46 to 84 
with an average of 64.9 years. Al] patients had 
major disease of the internal carotid artery, 
primarily from arteriosclerosis. (There were 3 
cases of carotid kink syndrome and 1 of congeni- 
tal carotid stenosis.) Many of these patients had 
more than one unrelated disease; associated dis- 
eases are shown in Table 1. 

All patients were studied by arteriography, 
which demonstrated the arteriosclerotic lesions. 
Early in the series the studies were done by 
direct injection into the carotid artery; in sub- 
sequent years, however, arteriography has been 
done entirely through the transfemoral route 
with selective injection of the carotid, innomi- 
nate, and subclavian arteries, which usually 
demonstrated both carotid and both vertebral 
arteries. We consider it essential to view not 
only the carotid but also the vertebral arteries 
and have found this technique to be the most 
successful, with the fewest complications. At 
present most of our arteriographic procedures 
are done by the radiology department. 

All patients with arteriosclerotic disease 
underwent endarterectomy. Three patients were 
treated with endarterectomy plus an onlay patch 
of Dacron velour. In these patients the disease 
extended up into the base of the skull and, in 1 of 
them, resulted in postoperative thrombosis with 
death. The other 2 patients were treated by 
"tacking" the intima down and utilizing an 
onlay patch; these were the only cases in which 
an onlay patch was used in the series. Bilateral 
procedures, when indicated, were usually 
staged seven to ten days apart. However, 
patients were frequently discharged home 
for readmission in four to six weeks. Twenty- 
one patients underwent bilateral endarterec- 
tomy. 

Resection of a portion of the internal carotid 
artery with end-to-end anastomosis was done in 
3 patients for carotid kink syndrome. 

All operations were done under general anes- 
thesia with electrocardiographic and elec- 
troencephalographic monitoring. 
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` Table 1. Associated Diseases 


Nunn’s 
This Series 
Disease Series? [12]? 
Diabetes 20% 17 96 
Hypertension 40% 50% 
Arteriosclerotic heart disease 44% 41% 
Peripheral vascular disease 30% 46% 


‘Approximately the same percent of patients had associated 
disease in each series. 


Surgical Technique 
Several technical points are worth emphasizing. 


1. Great efforts were made to maintain each pa- 
tient’s blood pressure at a normal level for 
that patient. Hypertension both during oper- 
ation and afterward was considered ex- 
tremely hazardous and was treated with an 
infusion of Arfonad to maintain blood pres- 
sure at a normal level for the particular pa- 
tient. 

2. The artery was manipulated very gently to 
prevent dislodging of intraluminal debris 
and cerebral embolization with production of 
neurological deficits. 

3. A Javid shunt was used in all instances of 
partial occlusion. I am familiar with the ar- 
guments put forth in favor of performing this 
procedure without a shunt; however, I be- 
lieve that the routine use of an internal shunt, 
when done properly, affords the patient the 
greatest cerebral protection during the opera- 
tion [3]. Hypercapnia was not used in any 
patient. 


Following dissection of the common, internal, 
and external carotid arteries, the patient was 
heparinized and a vertical arteriotomy was 
made, starting in the common carotid artery and 
extending up through the plaque and into the 
internal carotid. The Javid shunt was first in- 
serted in the internal carotid artery and filled 
with blood, then it was passed into the common 
carotid, with care being taken to avoid introduc- 
ing air or debris into the system. Total interrup- 
tion of flow through the artery usually lasted less 
" than two minutes. Following this maneuver, an 
endarterectomy could be carefully and com- 
pletely performed without haste. It was also con- 
sidered important that the plaque be adequately 


removed from the external carotid artery, as this 
can be a source of major cerebral flow. In most 
cases the intimal plaque came away cleanly with 
a tapered end <rom the internal carotid artery. 
The shunt was removed before the last few su- 
tures were placed, and again the total arterial 
occlusion time was usually less than two min- 
utes. The sutures used for closing the ar- 
teriotomy were 5-0 or 6-0 Prolene. The patient 
was then given protamine sulfate to reverse the 
effects of the heparin. 

Following the patient's return to the recovery 
room and intensive care unit, particular care was 
given to maintaining the blood pressure at a 
normal level fcr the particular individual. Dur- 
ing the last two years of the study period, al! 
patients had a radial artery catheter inserted for 
blood pressure monitoring with an oscilloscope. 
The patients were kept in the intensive care unit 
overnight and were usually discharged home 4€ 
to 72 hours postoperatively. 


Classification of Patients 


The classification used in this group of patiente 
(Table 2) was the same as that described by 
Thompson [1€], which can be summarized as 
follows. 

ASYMPTOMATIC BRUIT. This group of pa- 
tients was seen because of a carotid bruit de- 
tected in the neck. These individuals were neu- 
rologically asymptomatic and subsequently 
underwent arteriography, which showed major 
occlusive carozid plaques. This series included 4 
patients with asymptomatic bruit. 

TRANSIENT CEREBRAL ISCHEMIA. his is a 
group of patients who had focal transient isch- 
emic attacks (TIA) without permanent neurc- 
logical deficiz. The attacks last from a few 
seconds up to several hours, but there was no re- 
sidual neurological deficit after 24 hours. Tha 
attacks sometimes appeared as lateralizing signs 
with aphasia, dysphasia, amaurosis fugax, cr 
hemiparesis and hemiplegia. They could also 
show nonlateralizing symptoms, includinz 
bilateral visual field defects, double vision, diz- 
ziness, stagg2ring gait, headache, confusior, 
and personality changes. Sixty-two patients in 
this series had TIA. 

CHRONIC CEREBRAL ISCHEMIA. This cate- 
gory is more difficult to define. These patien-s 
sometimes experienced loss of memory, im- 
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Table 2. Indications for Operation by Clinical Classification 


No. of 
Patients 
Group (N = 100) 
Asymptomatic bruit 4 
Transient ischemic attacks 61 
| Poststroke, stable 28 
Acute stroke, or emergency 7 


paired mentation, or gradual mental deteriora- 
tion. Frequently they were described by their 
families as having undergone a personality 
change or as having become quite difficult to 
live with. Thompson found them difficult to 
classify and called them patients who cannot be 
placed in any other clinical category. They con- 
stituted only a small portion of his 1970 series 
(2.896 of nearly 600 patients [16]). These patients 
with chronic cerebral ischemia, however, occa- 
sionally experienced dramatic improvement in 
their symptoms postoperatively. 

FRANK STROKE. The category of frank stroke 
included all patients with some neurological def- 
icit at the time of operation, whether the stroke 
was stable, improving, or worsening. Their 
condition ranged from mild deficit to complete 
hemiplegia and aphasia. This series included 
35 patients who had had previous strokes. 


Results 


One hundred patients underwent 122 carotid 
endarterectomies with an overall operative mor- 
tality of 3.2796. The 4 deaths occurred among 
patients in the stroke group—those who had had 
preexisting neurological deficits when operated 
on— whereas 82 operations were performed in 
65 patients for TIA or asymptomatic bruit with 
no mortality. The 4 operative deaths included 2 
from myocardial infarction and 2 from acute 
cerebral infarction. 

Among the 95 surviving patients there were 2 
with mild, permanent neurological deficits. 
Three had transient deficits, all mild, which in- 
cluded arm weakness, facial fold flattening, and 
lip paralysis. No patient in either the 
asymptomatic bruit group or the TIA group ac- 
quired a permanent deficit. This compares 
favorably with results reported in other series [9, 
15; 19]. 


No. of 
Operations Percentage 
(N — 122) of Series 
5 4 
77 63 
33 | 27 
7 6 


Five patients showed signs of hypoglossal 
nerve trauma; all regained normal function 
within three months. Nonfatal cardiac complica- 
tions occurred in 9 patients, and hospital dis- 
charge was delayed by arrhythmia 7 times; 1 of 
these patients required a temporary cardiac 
pacemaker. Two patients had fatal coronary oc- 
clusions; 1 patient suffered a cardiac arrest and 
was successfully resuscitated without neurolog- 
ical impairment. One patient in the poststroke 
group developed iliovenous thrombosis, which 
was treated nonsurgically. No patient has de- 
veloped an aneurysm at the site of the ar- 
teriotomy closure. There have been no wound 
infections, and no patient has required reopera- 
tion for bleeding. 

The 4 patients who had asymptomatic bruits 
were free of symptoms one month postopera- 
tively. One of the 4 experienced a brief episode 
of mild arm weakness on the second postopera- 
tive day. No permanent neurological deficits or 
deaths occurred in this group. 

One reoperation was performed for recurrent 
stenosis in a woman of 84 years who was 
asymptomatic for three years following her orig- 
inal operation. Because of the recurrence of 
symptoms, arteriography was done and demon- 
strated a recurrent stenotic lesion. She was suc- 
cessfully operated on with relief of symptoms. 
This was the only reoperation in the entire se- 
ries. 

The longest follow-up has been seven years. 
Among the 94 survivors followed longer than 30 
days, 18 patients (1996) were followed for less 
than one year; the average length of follow-up 
was 32.3 months. Of the original 100 patients, 71 
were known to be alive at the conclusion of the 
study. A total of 25 deaths were confirmed, 4 
early and 21 late (Table 3). Among the late 
deaths, 4 of the 21 were from cerebral causes, 
bringing the total to 6 cerebral deaths for the 
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Table 3. Known Causes of Death in the Series 


Time of No. of 
Death Patients Cerebral 
Operative 4 2 
Late 194 4 
Totzl 23 6 


Cause 
Renal 
Cardiac Cancer Failure 
2 0 
12 2 1 
14 2 1 


“Two additional deaths occurred 4 and 36 months postoperatively, cause unknown. 


entire series, both early and late. Five of these 6 
deaths occurred in the stroke group; the sixth 
death related to a contralateral unoperated 
carotid artery. 

Twenty-three patients in the stroke group 
were alive at the conclusion of this study; 3 were 
judged neurologically worse, having dete- 
riorated. The remaining 20 survivors (86.9%) 
were either functionally normal, stable, or im- 
proved following operation. In the combined 
TIA ar.d asymptomatic bruit groups, 63 (95%) of 
the 65 patients were demonstrably helped by 
carotid endarterectomy. 

As for stroke incidence, Thompson has re- 
ported that 5% of 210 patients with asymptom- 
atic bruit or TIA followed up to thirteen years 
after endarterectomy developed strokes [18]. 
Here, among comparable patients followed 
up to eight years, 3 of 64 developed a neurologi- 
cal deficit related to the operated artery (4.6% 
frequency). In each instance the impair- 
ment was permanent; all deficits were mild. 
None of the patients with asymptomatic bruit 
have died or have developed strokes or symp- 
toms o: cerebral ischemia in the four to five years 
since their operation. 


Comment 


There is still some disagreement as to both sig- 
nificance of the finding of a mid carotid bruit 
and operative indications among asymptomatic 
patients [19]. Waiting for symptoms to appear 
can be extremely hazardous. If a stenotic carotid 
artery undergoes acute total occlusion, the result 
can be a stroke with death. Various studies have 
shown that among patients with asymptomatic 
bruit followed up to ten years, more than half 
will develop either TIA or frank stroke that may 
well result in death [2, 17, 20]. In one control 


study, 19% of 102 patients developed frank 
stroke (usually without prior TIA) from two days 
to four years following detection of a bruit. I 
agree with Javid and associates [10] that when 
there are no medical contraindications to operat- 
ing, patients with an asymptomatic bruit should 
undergo diagnostic radiography and be treated 
surgically [19]. The neurological deficit and mor- 
tality rates in this group should approach zero. 

In this study, all 4 operated patients with 
asymptomatic bruits are alive. None has suf- 
fered a stroke or developed cerebral ischemic 
symptoms during the four to five years since 
carotid endarterectomy was carried out. 

Among the 61 patients in the TIA group there 
were no deaths and only 2 temporary neurologi- 
cal deficits, both of which were mild and 
cleared. Sixty (98%) of the TIA patients were 
normal or asymptomatic in the early follow-up 
period. One patient with bilateral carotid le- 
sions developed hemiplegia between staged 
operations; the paralysis was related to the unop- 
erated carotid artery, and the residual neurolog- 
ical deficit cleared after the second procedure, 
with full recovery. 

In the poststroke group, 40 operations were 
carried out in 35 patients and resulted in 4 
fatalities, 2 of cardiac and 2 of cerebral cause. 
Four operative survivors developed new neuro- 
logical deficits, 2 transient and 2 permanent. In 
27 of the 35 patients with preexisting deficits, 
the impairment had improved or entirely 
cleared by 30 days postoperatively (Table 3). 

Several points evident from this study should 
be emphasized. Carotid endarterectomy is a safe 
and effective procedure for preventing or reliev- 
ing severe neurological problems. The best re- 
sults are obtained in patients with asymptom- 
atic bruit or TIA, but much benefit can be offered 
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the patient with a stable stroke. In addition to 
the relief of disabling symptoms, the goal of 
endarterectomy is stroke prevention. The opera- 
tion must be accomplished so as not to produce 
new neurological deficits or worsen preexisting 
ones. I agree with numerous other authors that 
surgery is generally contraindicated in patients 
with acute profound or progressive stroke [1, 2, 
4, 5, 9, 11]. 

A careful and accurate history was considered 
responsible for detecting numerous patients 
with ulcerative carotid lesions who had a variety 
of symptoms when first seen. Quite often, pa- 
tients with mild symptoms of ischemia were 
found to have severe ulcerative lesions in one or 
both carotid arteries. 

Surgical technique was thought to be particu- 
larly important. I value the use of a standardized 
procedure featuring introduction of an internal 
shunt and preventing hypertension while main- 
taining normotension. 

Arteriography was the most useful diagnostic 
tool in evaluating this group of patients, and 
four-vessel selective arteriograms taken by the 
transfemoral route were utilized most often. 

Experience with older age groups has taught 
us to extend indications for arteriography to el- 
derly people whose major presenting symptom 
is described clinically as "senility." Both an- 
giographic findings and operative outcome have 
been encouraging. Evidence of improved men- 
tation by IQ testing postoperatively has been 
documented in the literature [6, 7]. 

I have been impressed with the fact that often 
atoperation an ulcerative lesion has proved to be 
much more severe than the arteriograms had 
indicated, an observation supported by others 
[8]. We have considered it essential to include 
intracranial and cervical studies to rule out the 
presence of atherosclerosis or intracranial le- 
sions, including neoplasm and aneurysm. It 
should be noted that arteriosclerotic lesions 
above the level of the carotid bifurcation were 
uncommon in this series, indicating that the 
majority of cerebrovascular symptoms originate 
in the cervical vessels, where they frequently 
lend themselves to surgical treatment. 
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Editor's Note 

The author reports excellent results in a relatively 
small series of patients cared for by him personally. 
While no new ideas or techniques are presented, the 
well-documented series shows that good results can 
be obtained in the community hospital by a careful 
surgeon. 
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Moderate and Extreme Hemodilution in 


Open-Heart Surgery: Fluid Balance and Acid-Base Studies 


Per Lilleaasen, M.D., and Oddvar Stokke, M.D., Ph.D. 


ABSTRACT Two groups of patients underwent aor- 
tic valve replacement. Fifteen patients received 
moderate hemodilution (mean hematocrit, 27%) 
with 40% donor blood in the priming solution. Ex- 
treme hemodilution was used in 14 patients (mean 
hematocrit, 18%) with a nonhemic prime and with- 
drawal of blood at the start of operation. Both groups 
were given more than 7 liters of fluid during opera- 
tion; donor blood was primarily used in the 
moderately diluted patients, and Ringer’s acetate was 
primarily given to the other group. 

The diuretic response to this fluid load was much 
more pronounced in the extreme than in the moderate 
hemodilution group. Eighteen hours postopera- 
tively, patients in the moderate and extreme 
hemodilution groups had an excess of about 2 and 1.5 
liters of water, respectively. In the patients who had 
moderate dilution an average of 1,000 ml of 
erythrocytes disappeared from circulation; no such 
disappearance could be found in the other group. The 
moderate group showed significantly lower arterial 
Po, postoperatively than the extreme group. There 
were, however, no differences between the two 
groups in mixed venous Po, during perfusion or in 
acid-base and osmolality values. 


The heart-lung machine used in open-heart 
surgery was for many years primed with blood- 
containing solutions. Subsequently, different 
types of nonhemic solutions came into use and 
achieved satisfactory results [3, 4, 13, 17, 20]. 
During recent years, nonhemic priming so- 
lutions have been combined with extreme 
hemodilution by drawing blood from the pa- 
tient at the start of operation [1, 6, 7, 11, 16]. In 
this way the hematocrit is brought down to 15 to 
20%. The blood removed is given back at the end 
of the extracorporeal circulation. This extreme 
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hemodilution method has been used at our hos- 
pital since 1974. 

It has been our impression that the use of 
priming solutions containing blood and extreme 
hemodilution with nonhemic prime are both ac- 
ceptable procedures in open-heart surgery. We 
have now undertaken a more detailed compari- 
son between the two procedures in order to dis- 
close possible side-effects. Patients undergoing 
aortic valve replacement were selected for this 
purpose. They were randomly divided into two 
groups. In the moderate dilution group the 
heart-lung machine was primed with a solution 
containing 40% blood. In the extreme dilution 
group a nonhemic prime was used; blood was 
withdrawn from these patients before operation 
and reinfused after termination of the extracor- 
poreal circulation. 

Our aim was to compare the two procedures 
and not separate the single variable of dilution. 
In a previous study it was found that patients in 
the extreme dilution group had less postopera- 
tive bleeding and less need for donor blood than 
those who had moderate dilution [12]. In the 
present paper we report on the fluid balance and 
acid-base variables in the two groups. 


Materials and Methods 


This study consists of data obtained from the 
two groups of patients described by Lilleaasen 
[12]. All patients were operated on over a period 
of three months by the same team of surgeons 
with the same surgical technique. In the post- 
operative period they were cared for in the same 
recovery department by the same hospital staff. 

Both the moderate and the extreme dilution 
group contained 15 patients. One patient, how- 
ever, was excluded from the original extreme 
dilution group because of circulatory collapse 
with anuria requiring intraaortic balloon pump- 
ing from end of operation and peritoneal 
dialysis in the observation period. This exclu- 
sion did not significantly change the selected 
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characteristics (age, sex, body weight, and oper- 
ation and perfusion time). 


Anesthesia 


Anesthesia was induced with morphine, 
diazepam, and pancuronium (0.5 mg, 0.15 mg, 
and 0.1 mg, respectively, per kilogram of body 
weight). In addition, 50% nitrous oxide in oxy- 
gen was inhaled. During the operation, anes- 
thesia was maintained with morphine, 
diazepam, pancuronium, and 50% nitrous oxide 
in oxygen. In the 18-hour postoperative period 
analgesia and sedation were achieved with 
morphine and diazepam. 

After induction of anesthesia the patients 
were kept on the respirator until about 18 hours 
postoperatively. During extracorporeal circula- 
tion, the respirator was disconnected and 
oxygenation of the patient was achieved entirely 
with the heart-lung machine. During the period 
of artificial respiration 50% oxygen was given to 
all the patients. 


Heart-Lung Machine 


The extracorporeal circulation was performed 
with a Rygg-Kyvsgaard heart-lung machine* 
and a Polystan Venotherm Oxygenator.* Two 
blood filterst were used on the arterial side. 
Silicone tubes connected the oxygenator to the 
patients. 


Priming Volume and Fluid Infusions 


In both groups the priming volume was 2,500 
ml. The basic salt-containing fluid of the prim- 
ing solutions was Ringers’s acetate, consisting 
of Nat, 130 mmol/L; K+, 4 mmol/L; Catt, 1.5 
mmol/L; Mg**, 1 mmol/L; Cl-, 109 mmol/L; and 
30 mmol/L of acetate ions. The solution had a pH 
of about 7 and an osmolality of 240 mOsm per 
kilogram of water. In addition, the priming so- 
lutions contained albumin, bicarbonate, glu- 
cose, and 200 ml of 15% mannitol. Further de- 
tails of the composition have been given pre- 
viously [12]. 

The main difference in the treatment of the 
two groups was the use of a 40% hemic prime in 


*Polystan, Copenhagen, Denmark. 
tPall Biomedical Products, Glen Cove, NY. 


the moderate dilution group and a nonhemic 
prime in the extreme dilution group. In addition 
an average of 855 ml of blood was withdrawn 
from the patients in the extreme dilution group 
at the start of operation and retransfused after 
perfusion. 

To restore blood losses and keep a satisfactory 
arterial pressure, including a perfusion pressure 
above 50 mm Hg, donor blood was given to the 
patients in the moderate dilution group during 
operation. For the same reason, donor blood, 
plasma, and albumin were administered in the 
postoperative period. The donor blood con- 
tained 63 ml of anticoagulant* per 513 ml blood 
unit. 

In the patients in the extreme dilution group a 
satisfactory arterial pressure was maintained by 
the use of Ringer's acetate from the start of oper- 
ation to the end of perfusion. Usually no blood 
was given during perfusion in these patients. In 
4 patients the hematocrit values dropped to 13 to 
15%. These patients received small amounts of 
blood toward the end of perfusion. Otherwise, 
donor blood was given in order to restore blood 
losses during closure. For the same reason, 
donor blood, plasma, and albumin were ad- 
ministered in the postoperative period. 

The pump reservoir was emptied into the pa- 
tients of both groups at the end of perfusion. 


Blood Losses and Urine Output 


In order to estimate blood losses from the end of 
perfusion till the end of operation the extra- 
vasated blood was collected by suction and mea- 
sured in8patientsinthe moderate dilution group 
and 7 patients in the extreme dilution group. 
Postoperative chest tube drainage was mea- 
sured in all the patients by means of closed suc- 
tion equipment.t All the patients had a perma- 
nent urethral catheter connected to a collecting 
system in which the urine production per hour 
could be measured. 


Acid-Base Determinations 


The radial artery was cannulated, and blood for 
gas determinations was drawn before, during, 


"CPD, Travenol Laboratories, Lessines, Belgium. 
tPleur-Evac, Krale, Queens Village, NY. 
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and after operation. Blood gases were also 
measured in mixed venous blood sampled from 
the venous line in the heart-lung machine 45 
minutes after the start of perfusion. The mea- 
surements were performed on a BMS-3 or an 
ABL-1 instrument.* 

The catheter in the radial artery was also con- 
nected to a pressure transducer,t which enabled 
continuous measurement of arterial pressure 
both during operation and in the postoperative 
period. 


Results 


The amounts of the different fluids given to the 
patients in the two groups are shown in Table 1. 
During operation a relatively large amount of 
donor blood was given to the patients in the 
moderate dilution group, and the patients in 
the extreme dilution group received more of the 
Ringer's acetate solution. In the 18-hour post- 
operative period the patients in both groups re- 
ceived about 1 liter of glucose (596) and 800 ml of 
plasma. 

Blood losses and urine output are shown in 
Table 2. During thoracotomy and perfusion 
there was only minor blood loss, and no attempt 
was made to measure its amount. During perfu- 
sion the blood in the operative field was sucked 
back into the oxygenator. As is apparent from 


*Radiometer, Copenhagen, Denmark. 
tAker, Horten, Norway. 


Table 2, the patients in the moderate dilution 
group lost about twice as much blood as the 
patients in the other group. 

Urine production was measured from the start 
of operation until 18 hours postoperatively. Dur- 
ing this period the patients in the extreme dilu- 
tion group produced about 4 liters of urine, and 
those in the other group excreted about 2 liters. 
The Figure shows the amount of urine produced 
per hour by the two groups. The urine output 
was considerably higher during operation and 
for the first few hours postoperatively in the 
extreme than in the moderate dilution group. 
For the rest of the postoperative period the dif- 
ference in output between the two groups was 
much less. 

In order to maintain an adequate urine out- 
put, furosemide in doses between 10 and 40 mg 
was given to some patients. Two patients in the 
moderate dilution group received furosemide 
during perfusion, and 3 undergoing extreme di- 
lution received it. Three in the moderate dilu- 
tion group and 5 in the extreme dilution group 
were given furosemide after perfusion. Post- 
operatively, 11 moderate dilution patients re- 
ceived furosemide. 

The serum osmolality, determined in samples 
drawn before, during, and after operation, was 
within normal limits. The systolic arterial pres- 
sure, measured every hour in the first 18 hours 
postoperatively, was almost equal in the two 
groups. No patients required pressors to in- 


Table 1. Amounts of Fluid Given to the Two Groups During and After Operation? 


Amount During 
Operation (ml) 


Amount 18 hr After 


Dilution 
E EE EE E LLL o 


Moderate Extreme 
Fluid Dilution Dilution 
Donor blood 4,500 714 
+ 756 + 426 
Plasma 
Ringer's acetate 2,393 5,657 
+ 462 +1 251 
Glucose 
Other fluids 600 700 


(in priming solution) 


Operation (ml) Sum (ml) 
Moderate Extreme Moderate Extreme 
Dilution Dilution Dilution 

1,433 864 5,933 1,579 
+ 980 + 492 +1,067 = 577 

866 804 900 857 
+ 490 + 492 + 524 + 436 

2,593 5,764 
+ 550 +1,260 

980 1,036 980 1,036 

= FF + 134 e 3 + 134 
600 700 


OE E E —À—— —— 


“Volumes given as mean + standard deviation. 
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Table 2. Blood Losses and Urine Production in the Two Groups 


ee 


Moderate Extreme 
Blood Losses and Dilution Dilution 
Urine Production? Amount (ml)? Amount (ml)? Significance 
Blood losses 
After perfusion 1,138 507 p < 0.0005 
+ 346 + 174 
After operation 1,517 835 p < 0.0005 
+ £835 + 425 
Urine output 2,170 4,118 p « 0.0005 
+ 482 +1,849 


—_—_---———————————————— eee 


“Bleeding measured from end of perfusion to 18 hours postoperatively. Urine collected from start of operation to 18 hours 


postoperatively. 
"Volumes given as mean + standard deviation. 


8004 ml/h 


700 






4 Moderate dilution 


O Extreme dilution 


300 
200 
100 7 
0 1a i 
Before During After 0-6h 6-12h  12-18h 
perf perf perf 


—— Surgery ——4 :— 18h postop — 


Urine output per hour during operation and for the 
first 18 hours postoperatively (mean and standard 
deviation). 


crease the blood pressure in this period. The 
range in mean pressures was from 114 to 144 mm 
Hg. 

Blood gases in arterial samples were measured 
at different intervals during and after operation 
in both groups. The acid-base values were kept 
within acceptable limits throughout the whole 
period. Results of the pH and base excess deter- 
minations are given in Table 3. The arterial Po, 
was above 100 mm Hg in all patients in both 
groups after 15 minutes of perfusion and in all 
patients except for 1 after 45 minutes of perfu- 
sion. This patient belonged to the moderate di- 
lution group and had an arterial Po, of 69 mm 
Hg. The results of the arterial Po, measurements 
in the postoperative period are given in Table 4. 
The number of patients having low arterial Po, 


Table 3. The pH and Base Excess Values in Arterial Blood During and After Operation? 


——————— 


During Operation 





After 15 
Before min of 
Determination Perfusion Perfusion 
pH 
Moderate 7.43 7.43 
dilution + 0.03 + 0.03 
Extreme 7.44 7.42 
dilution + 0.04 + 0.03 
Base excess (mmol/L) 
Moderate 0 * | 
dilution t 2.3 + 15 
Extreme 0 — 1 
dilution T31 ee ae | 


Significance p « 0.025 


After 45 After Operation 

min of 1 hr After 

Perfusion Perfusion 3 hr 18 hr 
7.43 7.43 7.45 7.44 

+ 0.03 + 0.06 + 0.05 + 0.04 
7.41 7.47 7.47 7.44 

+ 0.04 + 0.09 + 0.09 + 0.05 
0 0 4^2 +3 

424 ^30 E 27 E22 

— 1 + 1 + 2 + 1 

+ 15 a alee ee = 3:4 + 22 

p « 0.005 


“Values given as mean + standard deviation; differences not significant except where noted. 
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Table 4. Grouping of Patients According to Arterial Pos Values During and After Operation 


nN EE SEE 





Arterial Po, (mm Hg) 


Patient Total 
Period Group >100 90-99 80—89 70-79 60-69 Patients 
po oah b -E S a ee es C 
1 hr after Moderate dilution 10 4 1 15 
perfusion Extreme dilution 11 1 1 1 14 
3 hr after Moderate dilution 7 3 2 1 1 14 
operation Extreme dilution 13 1 14 
18 hr after Moderate dilution 6 3 2 2 13 
operation Extreme dilution 11 1 2 14 


values was higher in the moderate than in the 
extreme group, although both groups received 
the same treatment postoperatively. 

Oxygen tension in mixed venous blood was 
also measured after 45 minutes of perfusion. All 
the patients showed satisfactory values, and 
there were no significant differences between 
the two groups (Table 5). 


Comment 


The patients in the moderate group were on the 
average given 3,300 ml more blood than they 
lost. These patients had the same hemoglobin 
and hematocrit values on the fifth day post- 
operatively as they had preoperatively [12]. It is 
reasonable to believe that the blood volume in 
these patients was about the same on the fifth 
day postoperatively as it was preoperatively. 
After having corrected for the citrate- 
phosphate-dextrose (CPD) content of the donor 
blood and the minor blood losses that were not 
measured (during thoracotomy and perfusion), 
we were left with the conclusion that at least 
1,000 ml of erythrocytes disappeared in each of 
the patients in the moderate dilution group. Fur- 
thermore, most of these erythrocytes disap- 
peared within the first few hours postopera- 
tively. The pumping in the heart-lung machine 
probably destroyed some red cells. Others might 


have been trapped outside the circulation, either 
hidden in the thorax or sequestered in other 
organ systems of the body. A similar calculation 
showed that only minor amounts of 
erythrocytes, if any, disappeared in the patients 
of the extreme dilution group. 

During operation, patients in both groups 
were given more than 7 liters of fluid. About 
one-third of this volume was used to fill the 
heart-lung machine, but the content of the 
machine was emptied into the patients after per- 
fusion. Since the fluid losses from the body dur- 
ing operation were considerably less than the 
amounts given, anet increase of the extracellular 
fluid volume must have taken place in each of 
the patients. The normal physiological result of 
such a load is an immediate decrease in the pro- 
duction of antidiuretic hormone and an abrupt 
increase in the urine output [15]. As is apparent 
in the Figure, such an increase took place in the 
extremely hemodiluted patients. The patients 
who had moderate dilution, on the other hand, 
showed a much less pronounced response, their 
output of urine being at maximum only 2 to 3 
times greater than it was preoperatively. Since 
the anticoagulant (CPD) in the donor blood is 
hypertonic (435 mOsm/kg) and the Ringer's ace- 
tate solution is hypotonic (240 mOsm/kg), the 
fluid given to the extreme dilution group had 


Table 5. Grouping of Patients According to Po, Values in Mixed Venous Blood 


After 45 Minutes of Perfusion 





Mixed Venous Po; (mm Hg) 





Patient Total 
Group 50—59 40—49 30-39 Patients 
Moderate dilution 2 9 2 14 
Extreme dilution 0 8 2 10 
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lower osmolality than that given to the other 
group. This difference, however, was not great 
enough to cause any significant difference in 
serum osmolality in the two groups. Thus the 
small diuretic response in the moderately 
hemodiluted patients cannot be explained by 
hyperosmolality of the extracellular fluid. 

The amount of insensible water loss during 
the 18-hour postoperative period is estimated at 
600 to 800 ml [18] and the water evaporated dur- 
ing operation at 1,700 to 1,800 ml [8]. When the 
total amount of water loss, including urine pro- 
duced and plasma lost in the bleedings, is sub- 
tracted from the total amount of water given, one 
reaches the conclusion that 18 hours postopera- 
tively the moderately diluted patients had a 
water excess amounting to 2 to 2.5 liters, 
whereas the extremely hemodiluted ones had an 
excess of about 1.5 liters. 

It is a standard procedure in our postoperative 
ward to give diuretics if the output of urine 
drops to or below 30 ml per hour. Furosemide 
was given to most of the patients in the moderate 
dilution group in the first 18 hours after opera- 
tion, whereas none from the extreme group was 
found to need this medication. The use of 
furosemide in order to increase urine produc- 
tion in the moderately diluted patients stands in 
contrast to the fluid overload in these patients. 
With an increased extracellular fluid volume of 
more than 2 liters one would expect a high urine 
production and no need for diuretics. One mi ght, 
however, speculate that some of this fluid could 
have been transferred to other body compart- 
ments (intracellular?), leading to less expansion 
of the extracellular volume in the moderately 
diluted patients than in the extremely diluted 
patients. 

Although some investigators have warned 
against dilution to hematocrits of lower than 
20% in open-heart surgery [9, 17], Buckley and 
associates [1] and Laver and Buckley [11] have 
described operations in which the hematocrit 
was below 1096 with satisfactory tissue oxygena- 
tion and without pulmonary edema. These op- 
erations were done under severe hypothermia, 
however. In the present study the average 
hematocrit during perfusion was 1896 in the ex- 
tremely diluted patients. The hematocrits of 6 of 
the patients in this group were kept between 13 
and 15%. No attempts were made to lower body 


temperature, which was stable between 34? and 
35"C. The oxygen supply to the tissues could be 
thought to be dangerously low during such con- 
ditions. However, our acid-base and blood gas 
determinations, as given in Tables 3, 4, and 5, 
show that no tendency to metabolic acidosis oc- 
curred in this period. The oxygen tension was 
adequate in both arterial and mixed venous 
blood. It should be noted that Po, values in the 
postoperative period were even higher in the 
extreme dilution group than in the other, indi- 
cating somewhat better pulmonary function. No 
clinical signs of pulmonary edema occurred in 
any of the patients in the two groups. The satis- 
factory organ and tissue oxygenation during the 
extreme hemodilution, as expressed by pH, base 
excess, and Po; values, was probably caused by 
increased blood flow due to decreased viscosity 
and a rise in cardiac output [2, 5, 10, 11, 14, 19]. 

The technique of nonhemic prime and ex- 
treme hemodilution thus shows some advan- 
tages over the technique of blood-containing 
prime and moderate hemodilution. This finding 
is in accord with our previous study that showed 
a considerable reduction in the need for donor 
blood and reduced postoperative bleeding when 
the extreme dilution technique is used. 
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Complete Atrioventricular Canal 

Malformation: Further Clarification of the Anatomy 
of the Common Leaflet and Its Relationship 

to the VSD in Surgical Correction 


Paul A. Ebert, M.D., and Daniel A. Goor, M.D. 


ABSTRACT Thirty-four heart specimens showing 
complete atrioventricular (AV) canal malformation 
were studied. The size of defects underneath the an- 
terior common leaflet was compared with the size of 
those beneath the posterior common leaflet. Wher- 
ever such defects were present, they were either of the 
same size or larger underneath the anterior leaflet. 
There was no correlation between the type of poste- 
rior common leaflet and the size of ventricular com- 
munication. The importance of the location of the 
ventricular defect in relation to surgical correction, 
especially in small infants, is discussed. 


Depending on the surgical approach, the atrio- 
ventricular (AV) canal malformation is gener- 
ally divided into two classes: (1) partial forms of 
the anomaly are basically considered and re- 
paired as an atrial septal defect [4], or (2) the 
complete form of the anomaly is repaired by 
reconstruction of the ventricular septum, trans- 
location of the septal insertions of the AV valves 
to a higher level on the reconstructed septum, 
and closure of the atrial septal defect [5, 7]. Diag- 
nostic studies are not able to define accurately 
the attachment of the valve leaflets and the loca- 
tion of the attachment of the papillary muscles. 
Thus at operation the situation beneath the AV 
valves must be evaluated to determine whether a 
partial, transitional, or complete form of AV 
canal is present. As the repair of such anomalies 
in smaller children and infants becomes more 
common, the exact features of the anatomy be- 
come more important. 
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Methods and Materials 


In 34 heart specimens showing complete AV 
canal malformation, the size of the space be- 
tween the anterior tricuspid-mitral leaflet and 
the ventricular (conus) septum was compared 
with the size of the space between the posterior 
tricuspid-mitral leaflet and the sinus septum to 
determine the frequency and location of ven- 
tricular communication. 

The anatomy of the posterior common leaflets 
was studied in the 34 specimens to determine if 
the type of embryological development was re- 
lated to the severity of ventricular communica- 
ton. Embryological correlations were made 
with data collected by the authors in previous 
studies about the embryology of the heart [2, 3]. 


Definition of Terms 

Anatomy of the Defect 

The septal defect in AV canal malformation is a 
confluent hole which consists of persistent 
foramen primum, persistent AV canal, and per- 
sistent interventricular foramen. A normal de- 
velopmental state, featuring the anatomy of 
these structures as they exist in the embryo, is 
illustrated in Figure 1. 

The foramen primum is identifiable when a 
well-developed septum primum (limbic sep- 
tum) is present and is forming the cephalic bor- 
der of the defect. The identity of the foramen 
primum, however, is lost in cases of common 
atrium. 

The embryonic canal is represented by the 
midportion of the defect. The ventricular septal 
defect (or interventricular foramen) is due to a 
major deficiency in the sinus septum and mem- 
branous septum. Between 30 and 5096 of the 
expected surface area of the ventricular septum 
is usually missing [1]. (The term ventricular sep- 
tal defect is preferably not used because of the 
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Fig 1. Left ventriculoatrial views of the 
embryology of the heart. In these two stages the 
ostium primum, the AV canal, and the 
interventricular foramen are still open. The left 
ventricle and left atrium have been removed. 
Notice the similarity of the confluent defect in AV 
canal malformation to the normal spaces in these 
two embryonic hearts. (The illustrations were 
prepared during a study of the embryology of the 
conotruncus [3] performed in the Department of 
Embryology in The Carnegie Institution of 
Washington, and the numbers of the sections 
refer to the Carnegie collection.) 


confluent nature of the defect.) Anteriorly, the 
deficiency in the ventricular septum is bounded 
by the conus septum (anterior septum), which is 
the septum occupying the territory between the 
anterior mitral leaflet and the anterior wall of the 
left ventricular outflow tract (Fig 2). 

The confluent defect is present in every form 
of AV canal [1]. The differences between the 
various forms depend upon the varying degrees 
of AV valve insertions into the ventricular sep- 
tum. There are three basic AV valvuloseptal rela- 
tionships: (1) free-floating leaflets in which no 
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attachment to the ventricular septum occurs, (2) 
leaflets which are inserted into the septum by 
means of chordae, with free communication be- 
tween the ventricular chambers below the 
leaflets, and (3) leaflets which are directly in- 
serted into the septum and form the so-called 
partial defect. 

Rastelli and associates [5] divided the com- 
plete form of AV canalinto three groups depend- 
ing on the attachments of the common AV leaflet 
to the septum. This division has been most use- 
ful and has more clearly defined the surgical 
anatomy, but no emphasis was placed on the 
incidence of the ventricular defect in the anterior 
or posterior common leaflets. The term common 
anterior AV leaflet implies that there is no cleft 
demarcation between the anterior mitral and the 
anterior tricuspid leaflets. The same is true for 
the posterior leaflets whenever the common an- 
terior leaflet is divided [8]. Depending upon the 
anatomy of the AV valves, the following forms of 
AV canal malformation are recognized. 

The complete form exists in four varieties 
(Figs 3, 4). Type IV, the most primitive, is 
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Fig 2. Left ventricular view of AV canal 
malformation. (a) Normal heart. Dashed lines 
indicate the junctional fusion lines of the septal 
components for comparison with the deficiency 
in AV canal malformation. (b) Left ventricular 
view of complete form of AV canal 
malformation. Notice that the outflow tract of 
the left ventricle consists only of the conus 
septum (CS). The degree of deficiency of the 
muscular septum (MS) can be estimated by 
utilizing the horizontal dashed line which crosses 
both photographs at the normal base of the 
ventricles. Observe the shortening of the 
diaphragmatic wall compared to the anterior 
wall. The anterior mitral leaflet (AM) can flow 
freely in the defect. The posterior leaflet is 
inserted by chordae into the sinus septum (SS; 
septal extension). (Ao = aorta; MV = mitral 
valve; IVF = interventricular foramen; F1 = 
foramen primum; sept. 1 = septum primum.) 


characterized by the presence of a combined an- 
terior leaflet. In the remaining three types there 
is a cleft demarcation between the "anterior mi- 
tral" and anterior tricuspid leaflets [5]. In type III 
the chordae attach to the top of the ventricular 
septum. In type II the medial group of chordae of 
the anterior mitral and the anterior tricuspid 
leaflets are inserted in common into the anterior 
papillary muscle of the right ventricle, which 
may attach to the septum free wall or the conus. 
In type I the chordae of the anterior mitral leaflet 





are inserted along the left edge of the conus 
septum, and the chordae of the anterior tricus- 
pid leaflet are inserted into the right aspect of the 
conus septum. 

The transitional form [9] is basically similar to 
type I of the complete form, but besides the 
chordal insertions there is also direct valvular 
insertion into the ventricular septum. Con- 
sequently, the shunt between the ventricles is 
moderate to small. A shunt, however, is invari- 
ably present. In the original description of this 
variety of the malformation, a bridge of valvular 
tissue connecting the anterior and posterior 
common AV leaflet is described [9]. We have, 
however, considered cases as transitional forms 
even if a bridge of fibrous continuity is not pres- 
ent. 

The partial form (Fig 5) is characterized by 
direct insertion of the anterior and posterior 
leaflets into the ventricular septum [6]. A com- 
plete or partial cleft, however, is present be- 
tween them. The “corrected” form of the anom- 
aly, or so-called ostium primum without cleft in 
the mitral valve [1], is essentially similar to the 
partial form except for the presence of a normal 
true anterior mitral leaflet. In every variety of the 
malformation an interatrial shunt is present (Fig 
6). The presence of an interventricular shunt, 
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Fig 3. Type I transitional form shows essentially a 
common atrium with no indication of the existence 
of a fossa ovalis or a limbic septum. The white paper 
underneath the posterior common leaflet is 
indicative of free interventricular shunting 
underneath this leaflet. The posterior common leaflet 
is clefted into a component of septal tricuspid leaflets 
(ST) and the septal extension. The septal extension is 
in fibrous continuity with the anterior common 
leaflet. The arrows demarcate the cleft between the 


TYPE I-TRANSITIONAL 





anterior mitral and anterior tricuspid (AT) components 
of the common anterior leaflet. Type II shows the 
medial eroup of chordae of the anterior common 

leaflet that insert into the papillary muscle of the 

conus in the right ventricle. This makes the tricuspid 
half of this leaflet essentially useless when the 

common leaflet is split during corrective operation. 

(AM = anterior mitral leaflet; Aor = aortic valve; 

cs — conus septum.) 
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Fig 4. Complete form type III shows the anterior 
common leaflet clefted (arrows) into tricuspid and 
mitral divisions. The medial chordae of the mitral 
(AM) and tricuspid (AT) components of the common 
anterior leaflet are inserted together into an anterior 
papillary muscle of the right ventricle. A piece of 
paper underneath the leaflet illustrates the 
interventricular shunting. A small atrial septal 
defect in the fossa ovalis is present. Type IV shows a 
single large common anterior leaflet. The dashed line 
extending between the basal insertion of the anterior 
and posterior common leaflets divides the confluent 
defect into three parts. The space above the line (F1) 
is the foramen primum. The line itself is the septum 
of the AV canal, and the space below the line is the 
interventricular foramen (IVF). The diagram of 
type IV shows a single large common anterior 
leaflet (M) which attaches to both the right and the 
left ventricle. The posterior common leaflet (PLM) 
attaches to papillary muscles in both ventricles. 

(AS — conus septum; RC — right coronary artery.) 









Fig 5. Partial form of AV canal with arrows along 
the line of direct insertion of the anterior mitral 
leaflets into the conus septum. No shunt between the 
ventricles is feasible along this line. The square dots 
show the direct insertion of the posterior leaflet into 
the sinus septum. 


however, depends on the relationship between 
the AV leaflets and the ventricular septum. In 
the complete and transitional forms, interven- 
tricular shunting is invariably present. In a per- 
fect partial form (as well as in the "corrected" 
forms), interventricular shunting is not feasible 
because of the direct AV valvular septums. 


Observations 


It is not possible to distinguish between the 
transitional and partial forms of the malforma- 
tion in the atrial view, which is utilized during 
operation; that is, in some cases one cannot tell 
whether interventricular shunting is present or 
not. In an attempt to solve this problem, two 
aspects of the malformation were studied: (1) the 
anatomical patterns of the posterior AV leaflet, 
and (2) the size of the passage between the an- 
terior leaflet and the conus septum compared 
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Fig 6. The hemodynamic differences between 
complete and partial forms of the anomaly. 
In-between situations, in which the chordae are 
short or a mixture of chordal and direct 
valvuloseptal insertions are present, display various 
degrees of leaflet mobility and interventricular 
shunting. 


with the size of the passage between the poste- 
rior leaflet and the sinus septum. 


Results 


Three basic patterns were observed, as shown in 
Figure 7. In one pattern (I) the posterior common 
leaflet is not clefted into tricuspid and mitral 
components. In another (II) a number of small 
clefts divide the common posterior AV leaflet 
into a number of components. The most typical 
differentiation was two small clefts that divide 
the common leaflet into a posterior mitral com- 
ponent, septal extension, and septal tricuspid 
leaflet (IIa); an asymmetrical cleft on the right 
side that divides the common posterior leaflet 
into a large mitral segment, which overrides the 
sinus septum, and a small septal tricuspid leaflet 
(IIb); and an asymmetrical cleft on the left side 
that divides the common posterior leaflet into a 
large septal tricuspid leaflet, which overrides the 
sinus septum, and a smaller mitral leaflet (IIc). 
Another pattern (III) involves a midline cleft that 
divides the posterior common AV leaflet into a 
septal tricuspid leaflet and a mitral component. 

In each of these types the undersurface of the 
leaflet, which is related to the left edge of the 
sinus septum, may be inserted either by chordae 
or in direct valvular fashion into the septum. 
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There is no way to tell by inspecting the AV 
leaflets from their atrial view what kind of inser- 
tions are present underneath the leaflet, that is, 
whether or not a shunt is present. In actuality, 
the presence or absence of shunting may be of 
minimal importance, since the degree of septal 
shortening is the critical factor. If septal shorten- 
ing seems marked by depression of the septal 
portion of the AV ring and AV valve incompe- 
tence is moderate or severe, detachment and 
elevation of the leaflet will be required to correct 
valve incompetence. The table gives the inci- 
dence of each type of posterior leaflet pattern in 
various forms of AV canal malformations. In 
those cases in which a space was present be- 
tween the AV leaflet and the ventricular septum, 
it was classified from +1 to +4 as related to a po- 
tential shunt. Grade +1 refers to cases in which 
between one and three holes measuring no more 
than 1 to 2 mm in diameter are present. This 
grade usually refers to cases that appear grossly 
to be partial forms of the anomaly but in which 
probing the valvuloseptal junction reveals 
one or two small holes. At operation this type 
of defect would require only repair of the atrial 
defect. Grade +2 refers to cases in which there is 
a mixture of direct valvular and chordal inser- 
tions anchoring the leaflet to the septum. These 
spaces are believed to allow small to moderate 
shunts and are primarily seen in the transitional 
forms of the anomaly. Grade +3 refers to cases in 
which the leaflet is anchored to the septum only 
by means of short chordae. Despite the fact that 
no direct valvular insertion is present, the mag- 
nitude of the shunt is probably only moderate 
because of the minimal mobility of the leaflet. 
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Fig 7. Anatomy of the posterior leaflet of the 
common AV valve. 


Minimal shunting is due to the fact that the short 
chordae in systole do not permit the leaflet to be 
forced far enough from the septum to allow max- 
imal shunting. This group includes mainly tran- 
sitional forms and type I of the complete form. 
Grade +4 refers to cases in which the space be- 
tween the septum and leaflet is large enough to 
allow free interventricular shunting and bal- 
anced pressures in the ventricles dynamically. 
This grade is usually found in types II to IV of the 
complete form, underneath the "anterior mitral" 
leaflet. The degree of interventricular shunting 
was individually studied in reference to the un- 
dersurface of the common anterior and common 
posterior leaflets. The observations are sum- 
marized in the Table. 


Comment 

Of the two objectives studied, the one dealing 
with interventricular shunting revealed sig- 
nificantly consistent findings. Wherever present, 
shunting underneath the anterior leaflet is po- 
tentially greater than it is underneath the poste- 


TRIC. LEAF. 





rior leaflet. In other words, there is a higher 
degree of development underneath the common 
posterior leaflet. Hence, in 2 cases which at first 
glance appear to be perfect examples of the par- 
tial forms of the anomaly, a small hole (1 mm in 
diameter) is found underneath the anterior 
leaflet. The posterior leaflet, however, is snugly 
and perfectly inserted into the septum and thus 
allows no shunt underneath. 

In the 4 examples of the transitional form, 
except for 1 case in which both shunts were 
graded as +4, the anatomy was such that it 
would allow a larger shunt underneath the an- 
terior leaflet. In 4 of 8 cases of complete form type 
I, the potential for shunt was graded +4 under- 
neath both leaflets. In the remaining 4 a greater 
shunting space was found underneath the an- 
terior leaflet. In 5 of 6 cases of complete form type 
II, the shunting space was equal underneath 
both leaflets, and in 1 it was greater underneath 
the anterior leaflet. In examples of complete form 
types II and IV, of 6 and 5 cases, respectively, a 
larger shunting space was found underneath the 
anterior leaflet in 2 and 3 cases, respectively. In 
none of the cases was there a larger shunting 
space underneath the posterior mitral leaflet. 
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Incidence of Anatomical Types of Posterior Leaflet in AV Canal Malformation 


Space Under Space Under 
Patient Anterior Posterior Type of Posterior Associated 
No. Mitral Valve Mitral Valve AV Valve Conditions 


oo eee 


PARTIAL FORMS 


1 — — I 

2 +1 — IIb 

3 — — IIa 

4 — — I 

5 -— — I 

6 -— — IIa Common atrium 
7 +1 — I Common atrium 


——— —OÀM————M 


TRANSITIONAL FORMS 


8 +4 +4 IIa Fibrous continuity 
between anterior and 
posterior leaflets 


9 +2 +1 Ila 
10 +2 +1 IIb Common atrium 
11 *3 IIa Fibrous continuity 


between anterior and 
posterior leaflets 


COMPLETE FORM TYPE I 


12 +4 +4 IIb 
13 +4 +4 IIb 
14 +4 F2 Ila 
15 +4 +4 II] 
16 +4 +3 Ia 
i +4 T1 IH 
18 +4 +4 Il] 


—————————— a 


COMPLETE FORM TYPE II 


19 +4 +4 IIb 

20 +4 +4 IIb 

21 +4 +4 IIc Truncus 

22 +4 +4 I 

23 +4 +4 I Transposition of 


great arteries 


aaaea 


COMPLETE FORM TYPE III 


ĖS 


24 +4 +4 I 

25 +4 +4 I 

26 +4 +4 I 

27 +4 +2 NI 

28 +4 I Double mitral orifice 
29 +4 +4 I 


aaoo 


COMPLETE FORM TYPE IV 


30 +4 +1 IIb 

31 +4 +3 I 

32 T4 +4 I 

33 +4 +4 I 

34 +4 +1 IH Tetralogy of Fallot 


———————————————————ÉÉLLLLLLLLLLLLLLLL 


+1 = cases in which between one and three holes measuring no more than 1 to 2 mm in diameter are present; +2 = cases in 
which there is a mixture of direct valvular and chordal insertions anchoring the leaflet to the septum; +3 = cases in which the 
leaflet is anchored to the septum only by means of short chordae; +4 = cases in which the space between the septum and the 
leaflet is large enough to allow free interventricular shunting and balanced pressures in the ventricles dynamically. 
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Since, in most cases, exploration underneath 
the common anterior leaflet can be done with no 
need for incising the valve, the absence of shunt- 
ing spaces underneath this leaflet is indicative of 
the absence of shunting spaces underneath the 
posterior leaflet. In cases of the partial form, in 
which preoperative evaluation reveals a small 
left-to-right shunt at the ventricular level, the 
defect will most certainly be located beneath the 
common anterior leaflet. 

The anatomy of the posterior mitral leaflet, on 
the other hand, is of no help. The primitive type 
of common posterior leaflet (type I) was found in 
partial as well as in complete forms. Similarly, 
some form of lobulated posterior leaflet was ob- 
served in each type of the malformation. It 
should be recalled, however, that the septal in- 
sertion of the common posterior AV leaflet or 
one of its divisions is on the left aspect of the 
edge of the ventricular septum. 

As surgical repair in smaller children and in- 
fants becomes more common, exact identifica- 
tion of the type of anatomical abnormality be- 
comes paramount to success. The amount of sep- 
tal lengthening required to bring the AV leaflets 
into proper height requires close scrutiny and 
judgment. This height is best realized by com- 
paring the distance from the apex to the most 
lateral attachment of the common AV leaflets 
and then transposing this distance to the center 
portion of the defect. 
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Fourteen Years of Implanted Pacemakers in Children 
Robert P. N. Shearin, M.D., and William H. Fleming, M.D. 


ABSTRACT Twenty-six children who had perma- 
nent pacemakers implanted at 6 hours to 11 years of 
age have been followed for up to 163 months. There 
were 14 children with surgical heart block, 9 with 
congenital heart block, 2 with postcatheterization 
complete heart block, and 1 with bradytachy- 
dysrhythmia syndrome. Eighteen of the 26 patients 
(69%) are still being paced with their original elec- 
trodes, some for more than eight years. Sixty pulse 
generators lasted an average of 17 months (range, 1 to 
55 months). 

Five of the 26 patients (19%) are dead. Three died of 
noncorrectable heart disease, but there were 2 sudden 
unexplained deaths at home, both apparently due to 
sudden arrhythmias. Both of these patients had re- 
ceived fixed-rate pulse generators, and 1 had a known 
potential for competing rhythms. 

The current optimal choices of equipment and 
techniques, including the role of synchronized, de- 
mand, lithium-powered, and nuclear-powered pulse 
generators, are discussed. 


Permanently implanted cardiac pacemakers are 
a tremendously important adjunct in the treat- 
ment of certain rhythm disturbances in patients 
of all ages. Most patients requiring permanent 
pacing are in older age groups. However, chil- 
dren, infants, and neonates are also benefiting 
from advances in pacemaker technology and 
technique [1, 6, 9]. Complete heart block, 
whether congenital or acquired intraopera- 
tively, remains the most frequent indication for 
permanent pacing in children, although bra- 
dytachydysrhythmias, Wolff-Parkinson-White 
syndrome, and hepatitis-induced heart block 
have also been successfully treated by perma- 
nent pacing [4, 5, 10]. 

In addition to the problems relating to pacing 
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that are also seen in adults, such as exit block, 
infection, and pulse generator malfunction, 
children pose special problems related to their 
size and growth [3]. These include the huge size 
of the pulse generator relative to the space avail- 
able for a pocket in some infants; the unpredict- 
able rate of somatic growth; rapid changes in 
levels of physical activity, ideally requiring con- 
sonant changes in cardiac rate and output; and 
the prospect of a greatly extended period of 
pacemaker dependence. The sum of these gen- 
eral and specific problems makes the continuing 
care of these children demanding and frequently 
frustrating [5, 13]. In spite of such difficulties, 
permanent cardiac pacing protects these chil- 
dren daily, and pacemaker-related deaths in this 
age group are said to be uncommon [5, 11, 12]. 

We recently had the opportunity to implant a 
permanent pacemaker in a 41-hour-old baby 
girl. This report considers the case in detail and 
reviews the surgical experience at the Henrietta 
Egleston Hospital for Children, Grady Memorial 
Hospital, and Emory University Hospital over 
the past fourteen years. 


Case Report 


The patient was born March 27, 1975, weighing 
1,871 gm, after a 37-week gestation. Pregnancy, 
labor, and delivery were normal. The Apgar 
score was 7 at one minute and 10 at five minutes. 
In the nursery the pulse was noted to be slow 
and hard to palpate. An electrocardiogram dem- 
onstrated an atrial rate of 120 with complete 
atrioventricular dissociation and a ventricular 
rate of 45. Eighteen hours after birth she was 
transferred to Henrietta Egleston Hospital. 

On admission the blood pressure was 70/50 
and respirations were 55 per minute. The child 
was not in apparent distress although the heart 
rate was 40. Physical examination revealed a soft 
2/6 systolic murmur at the left sternal border and 
an intermittent 5; gallop without other findings 
of congestive heart failure. Over the next 18 
hours her condition deteriorated, as evidenced 
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by a progressively enlarging cardiac shadow on 
chest roentgenogram, liver edge palpable 6 cm 
below the right costal margin, and respiratory 
rate of 90 to 110. 

Twenty-one hours after her birth a temporary 
transvenous pacing system was placed in the 
right ventricular outflow tract. Capture was con- 
sistent, and pacing at 120 beats per minute at 6 
ma output was continued until the next day, 
when, with the patient aged 41 hours, a Med- 
tronic Model 5858 unipolar fixed-rate pulse 
generator, set at a rate of 105 pulses per minute, 
was implanted on the left side of the abdomen 
between the internal and external oblique mus- 
cles. Two Medtronic suture-type epicardial elec- 
trodes were trimmed to appropriate length and 
placed in the apex of the left ventricle through an 
anterior thoracotomy in the left sixth intercostal 
space. The pacing threshold was determined to 
be 0.75 ma. 

Postoperatively the infant developed bouts of 
tachypnea to 70 to 80 respirations per minute. 
This was thought to be due to the pulse 
generator intruding into the pulmonary vital 
space, and it resolved spontaneously after a 
few days. The abdominal incision became 
erythematous, but this also resolved. She was 
discharged from the hospital on April 15, 1975, 
seventeen days after the implantation. 

On May 9 she was readmitted because of an 
open area at the medial aspect of the abdominal 
incision that partially exposed the pulse 
generator. Initial cultures grew coagulase- 
negative staphylococcus, and she was treated 
for two days with parenteral oxacillin and gen- 
tamicin while the wound was dressed with Be- 
tadine. Three days later the incision was 
opened, debrided, and irrigated with bacitracin 
solution, which was also used to cleanse the 
pulse generator thoroughly. A new pocket was 
formed in the extraperitoneal plane beneath the 
transverse abdominal muscle on the left, and the 
washed pulse generator was placed in it, oc- 
cupying essentially all the space between the 
diaphragm and the iliac fossa on the left. The 
pocket was reirrigated with bacitracin and 
drained by Hemovac suction for two days fol- 
lowing closure. Gentamicin was continued for 
seven days postoperatively and oxacillin for thir- 
teen days. The patient was discharged on May 


20, 1975, and was doing well more than a year 
later. 


Patients Studied 


From October, 1962, through May, 1976, 26 chil- 
dren (13 boys and 13 girls) under the age of 12 
years received permanent pacemakers. The age 
at diagnosis ranged from in utero to 11 years. 
The age at first pacemaker implantation varied 
from 6 hours to 11 years. The conditions requir- 
ing pacemaker therapy included surgical heart 
block in 14 patients, congenital heart block in 9, 
acquired block at catheterization in 2, and 
brady-tachydysrhythmia in 1. The duration of 
follow-up ranged from 1 to 163 months with a 
mean of 45 months and a median of 40 months. 
Follow-up on pulse generators was from 1 to 55 
months (mean, 16 months) and on leads, 1 to 108 
months (mean, 28 months). 


Pulse Generators 


During the course of this study, nineteen types 
of pacemakers manufactured by eight different 
companies were used. Most of the models are 
now obsolete, reflecting the rapid advances in 
pacemaker technology during the past ten years. 
The pulse generators currently in use include the 
Medtronic 5858 fixed-rate, mercury cell pace- 
maker (14 patients), the Telectronics demand, 
lithium-powered unit (3 patients), the Cor- 
atomic demand, nuclear-powered unit (2 pa- 
tients), and the Pacesetter demand, rechargeable 
pacer (1 patient). 

The Medtronic 5858 unit was the pacemaker 
most frequently used in the study group. Six of 
the 26 patients received one of these units, and 4 
had two. The fourteen Medtronic 5858 units 
lasted from 3 to 24 months, with a mean life of 18 
months and a median of 22 months. Two pa- 
tients with this model suffered sudden unex- 
plained death outside the hospital; 1 of them had 
the known potential for a competing rhythm. 

Thirteen atrial synchronous pacemakers were 
implanted in 4 patients. The duration of atrial 
synchronous function ranged from 6 to 17 
months with a mean of 9 months. All of the units 
eventually lost atrial sensing and reverted to a 
fixed-rate ventricular mode. This experience is 


similar to that reported by Marco and associates 
[12]. 


146 The Annals of Thoracic Surgery Vol 25 No 2 February 1978 


Electrodes 


Surprisingly 18 of the 26 patients (69%) have 
required only one electrode. The technique of 
wrapping the wire around the Medtronic 5858 
unit and allowing it to unwind as the patient 
grows may have contributed to this excellent 
record. However, available data are insufficient 
to verify this. Even after those wires lost through 
death or infection are subtracted, 21 of 36 total 
wires implanted (58%) were still functioning for 
up to 108 months at the time of this report. 

Wire breakage and infection have been prob- 
lems in the past. Four of the 26 patients experi- 
enced broken wires. All of the breaks occurred at 
the costal margin. Two wires were spliced and 
two were replaced. All the wire breaks occurred 
among electrodes implanted in 1971 or earlier. 
Infection was a more common problem. Six of 
the 26 patients had a total of ten wires replaced 
because of infection. However, since 1973 no 
electrode replacement has been necessitated by 
infection. Electrode problems and infection ac- 
counted for 19 of 56 operations (34%) in the 
series reported by Marco and co-workers [12]. 
The trend in our series is encouraging, as it 
appears that the need for reoperation because of 
wire breakage or infection is decreasing. 

In this series of patients, all the chronic 
thresholds were less than 4 ma, and most were in 
the range of 1.6 to 2.5 ma. 


Mortality 


Mortality in this series was high: 5 of the 26 
patients died (19%). Three of the deaths were 
due to complex congenital heart disease and 
were not pacemaker related. As already men- 
tioned, there were 2 sudden unexplained deaths 
outside the hospital. Both of these children had 
fixed-rate pacers, so a competing rhythm could 
not be ruled out. One of these patients had 
shown a competing rhythm prior to his death. 


Comments 


In the past it has been said that a cardiothoracic 
surgeon “‘marries”’ a child in whom he implants 
a permanent pacemaker. A review of our experi- 
ence, especially that in the early years of pacing, 
confirms this dictum. In recent years, however, 
the situation has greatly improved. The longev- 


ity of pulse generators in this study is not rele- 
vant because most of the units used are now 
obsolete. The Medtronic Model 5858 appears 
well suited for infants except that it is a fixed- 
rate pacemaker. The fact that both sudden unex- 
plained deaths outside the hospital occurred in 
patients with this unit is disturbing. The advent 
of small, lithium-powered demand units, some 
with externally programmable rates, now gives 
the surgeon a better alternative. 

P-wave synchronous units (Atricor and At- 
ricor Jr.) are intellectually appealing but have 
been disappointing in practice because of early 
loss of sensing. 

Once the patient is old enough to sustain a 
stable rate over many years, the nuclear- 
powered units become attractive, though they 
are very expensive (about $6,500). The lithium- 
powered pacemakers now being introduced will 
almost certainly be preferred to the nuclear 
units, which are less desirable because of cost, the 
enormous amount of paperwork involved in 
their use, and the requirement for lifetime ac- 
countability and eventual explantation of the 
unit. We are not using nuclear-powered units at 
this time. 

One of the pleasant surprises in this series was 
the excellent longevity of pacing wires. Eighteen 
of the 26 patients (69%) needed only one wire 
despite great somatic growth. In addition, the 
two problems necessitating replacement that 
did occur—wire breakage and infection—have 
not been seen in the last three years. This is 
believed to be due to better wires (since 1972) 
and changes in technique, most notably the 
move to doing all pacemaker implantations in 
the operating room and the practice of placing 
pulse generators in small children between the 
peritoneum and the transverse abdominal mus- 
cle. The ground plate of unipolar models is then 
turned in to avoid muscle stimulation. Although 
the mean follow-up on wires was only 28 months 
at this report, 58% of all the wires implanted (21 
of 36) were still functioning. Infections, now for- 
tunately rare, can often be managed without 
wire replacement, as described by Bonchek [2] 
and illustrated by our patient. 

Despite prior reports to the contrary [7], deaths 
in this group were not rare. The majority (3 of 5) 
were clearly due to complex cardiac defects and 
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were not pacer related. Two of the 5 deaths, 
however, occurred suddenly outside the hospi- 
tal in patients with fixed-rate units in place. This 
makes the demand unit very appealing [7, 8]. 

Based on the foregoing data, our current plan 
is to do all pacemaker implants in the operating 
room. Antibiotics are routinely used beginning 
preoperatively and continuing for one week 
postoperatively. The wire is inserted epicar- 
dially, with a loop in the chest and a loop in the 
pacer pocket. The wire should not cross the cos- 
tal arch. The pulse generator should be placed 
deep to at least one muscle layer and preferably 
just outside the peritoneum. 

Most units are unipolar because of the small 
ventricular surface available for electrode 
placement. The ground plate is turned in, away 
from the muscle. 

Because what is needed for these young pa- 
tients is a small, reliable demand pacemaker 
with a reasonably long shelf life, the lithium- 
powered units are our current choice. The Tel- 
ectronics 140 B and 150 B are routinely available at 
rates of 90 and 110. Externally programmable 
units will also be generally available soon. Nu- 
clear units are not currently recommended. 


References 


1. Benrey J, Gillette PC, Nasrallah AT, et al: Perma- 
nent pacemaker implantation in infants, children, 
and adolescents. Circulation 53:245, 1976 

2. Bonchek LI: New methods in the management of 


10. 


iL 


12. 


19. 


extruded and infected cardiac pacemakers. Ann 
Surg 176:686, 1972 


. Donahoo JS, Haller JA, Zonnebelt S, et al: Perma- 


nent cardiac pacemakers in children: technical 
considerations. Ann Thorac Surg 22:584, 1976 


. Dreifus LS, Arriaga J, Watanabe Y, et al: Recur- 


rent Wolff-Parkinson-White tachycardia in an in- 
fant: successful treatment by a radio frequency 
pacemaker. Am J Cardiol 28:586, 1971 


. Gamble WJ, Gross RE, Nadas AS: Experience 


with implanted pacemakers in pediatric patients. 
Circulation 35, 36: Suppl 2:117, 1967 


. Griffiths SP, Hayes CJ, Bowman FO, et al: Long- 


term follow-up of two infants with an implanted 
cardiac pacemaker. Am J Cardiol 36:921, 1975 


. Grunkemeier GL, Dobbs JL, Starr A: Statistical 


analysis of pacemaker follow-up data, rate stabil- 
ity and reliability. Circulation 53:241, 1976 


. Hofschire PJ, Nicoloff DM, Moller JH: Postopera- 


tive complete heart block in children: experience 
with 64 patients. Am J Cardiol 39:559, 1977 


. Idriss FA, Otto R, Nikaidoh H, et al: Implanta- 


tion of permanent pacemaker in the first month of 
life for congenital complete heart block. J Thorac 
Cardiovasc Surg 65:851, 1973 

Kontaxis A, Dukas N, Kafkas P, et al: Complete 
heart block in a child following infectious 
hepatitis. J Cardiovasc Surg (Torino) 12:501, 1971 
Lindesmith GW, Stiles QR, Meyer BW, et al: Ex- 
perience with an implantable synchronous pace- 
maker in children. Ann Thorac Surg 6:358, 1968 
Marco JD, Codd JE, Barner HB, et al: Implantable 
pacemakers in children. Arch Surg 110:880, 1975 
Moss AJ, Hurwitz RA, Riemenschneider TA: 
Postoperative heart block in children. Circulation 
35, 36: Suppl 2:193, 1967 


HOW TO DO IT 


Thoracic Traction for Median Sternotomy Dehiscence 


Thomas E. Bowen, M.D., Walter H. Brott, M.D., David C. Green, M.D., 
Russ Zajtchuk, M.D., and Alan R. Hopeman, M.D. 


ABSTRACT Standard management of median stern- 
otomy dehiscence sometimes fails to achieve lasting 
reduction and fixation of the sternal halves. An effec- 
tive method of external thoracic traction that aug- 
ments internal fixation of the sternal fracture is pre- 
sented. 


The median sternotomy incision provides quick 
and easy access to the heart and proximal great 
vessels, usually with a minimum of subsequent 
morbidity. Median sternotomy  dehiscence, 
when it does occur, represents a potentially 
grave complication with substantial risk of mor- 
tality. Multiple recommendations regarding 
methods of sternotomy closure are available [1, 
5, 6]. Brown and associates [2] reported a 5296 
mortality associated with major sternal dehis- 
cence. 

Technical factors that predispose to stern- 
otomy dehiscence include failure to divide the 
sternum cleanly and evenly down its midline, 
creation of multiple lateral retractor fractures of 
the sternal halves, employment of excessive 
cautery or bone wax, failure to employ adequate 
fixation to hold sternal reduction, and need for 
reexploration to control postoperative hemor- 
rhage. Other predisposing factors include exter- 
nal cardiac massage, sternotomy wound infec- 
tions, pulmonary infections, and tracheostomy. 

Although sternal dehiscence occurs 
frequently, it may present a dilemma with re- 
gard to optimum clinical management. Minor 
instability is usually treated conservatively with 
bedrest and chest binders. Associated soft tissue 
wound seromas, fat necrosis, or infections are 
opened and treated locally. Appropriate sys- 
temic and local antibiotics are employed. This 
approach is usually successful if only a portion of 
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the sternal closure is unstable. Patients with 
major sternal dehiscences, on the other hand, 
are returned to the operating room for debride- 
ment, irrigation, appropriate drainage, and re- 
closure of the sternum and peristernal fascia [3, 
4]. Here, too, local and systemic antibiotics and 
external chest wall binders have been used. If 
sternal instability persists, wound healing is 
usually noted to be suboptimal in spite of 
adequate patient nutrition. 

Adequate reduction and appropriate fracture 
fixation are basic surgical dicta. Because of con- 
stant sternal motion with respiration, proper re- 
duction and fixation are especially applicable to 
the sternum if satisfactory primary wound heal- 
ing is to be achieved. Median sternotomy dehis- 
cence constitutes a failure of the primary attempt 
to achieve sound internal fracture fixation. Ex- 
perience leads us to believe that attempts to 
maintain reduction and eliminate motion of un- 
stable sternal halves by utilizing chest wall 
binders for external fixation are of limited value. 
We have employed a means of external fixation 
to augment internal sternal fixation in the pres- 
ence of minor sternal dehiscence (instability of 
only a segment of the sternum) following opera- 
tive reclosure of a major sternal dehiscence and 
in patients who represent a potentially high risk 
for sternal dehiscence. 


Method 


A standard hospital bed equipped with a Balkan 
frame and traction pulleys is assembled as illus- 
trated in the Figure. An orthopedic pelvic sling 
with diagonally crossing traction lines is posi- 
tioned, and 3 to 5 kg of weight (as required) 
is placed in each weight bag. The patient re- 
mains continually in this apparatus. Either the 
patient or the attendant can change the patient's 
position at appropriate intervals. Dressing 
changes and local wound care are accomplished 
without interruption of traction. If the soft tis- 
sues are open and the sternum visible, the clini- 
cian can objectively evaluate sternal mobility 
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Posed photograph illustrates the traction apparatus 
as employed in our 5 patients. 


either visually or tactilely during accentuated 
inspirations. Traction forces can be increased 
until motion of the sternal halves is eliminated. 
Subjective confirmation of sternal immobility is 
available from the patient, who quickly realizes 
loss of the sternal click when adequate traction 
has been applied. We have maintained traction 
for 7 to 21 days depending on the particular 
clinical situation. 


Results 


This method has been employed on 5 occasions: 
once prophylactically, once with minor dehis- 
cence, and on 3 occasions with major dehis- 
cence. In 4 of the 5 patients, reduction was main- 
tained and the wound healed uneventfully. One 
patient with major dehiscence died at two weeks 
secondary to renal failure and cardiac arrhyth- 


mia, but sternal reduction and initiation of 
wound healing had been achieved. One patient 
seen in consultation had had three attempts at 
sternal fixation and had an extensive Serratia 
infection of the exposed, fragmented sternum. 
The described method was used as the sole chest 
wall support in this patient, and healing by fi- 
brous union was ultimately achieved. Pulmo- 
nary complications secondary to traction im- 
mobility were not observed. 


Comment 


This method of external enhancement of internal 
sternal fixation appears to have prophylactic 
merit in the patient who is at high risk for stern- 
otomy dehiscence, i.e., when the sternum has 
not been cleanly and evenly divided down the 
midline, when lateral fractures of the sternum 
have occurred, or when reexploration for bleed- 
ing or external cardiac massage is required. In 
spite of our limited experience with this ap- 
paratus, we have been impressed with our abil- 
ity to maintain sternal reduction and eliminate 
motion of the sternal halves. 
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Reoperation for Complications 
after Inflow Correction of Transposition 
of the Great Arteries: Technical Considerations 


R. J. Szarnicki, M.D., J. Stark, M.D., and M. de Leval, M.D. 


ABSTRACT A 
through the fifth or sixth intercostal space is de- 


right anterolateral thoracotomy 
scribed as an easier approach for reoperations after 
the Mustard procedure for transposition of the great 
arteries. Advantages of this approach compared with 
repeated sternotomy include easier cannulation of the 
superior and inferior vena cava; less extensive dissec- 
tion of adhesions, resulting in decreased postopera- 
tive bleeding; reduced risk of injury to the coronary 
arteries and the right phrenic nerve; and improved 
exposure of intracardiac pathways and the tricuspid 
valve. 


Various late complications of the Mustard opera- 
tion [8] have been reported [4, 7, 10-14]. 
Obstruction of pulmonary and systemic venous 
pathways, tricuspid valve incompetence, and 
residual ventricular septal defects are amenable 
to surgical correction. Greater experience and 
refined surgical technique may decrease the in- 
cidence of obstructions. However, a number of 
reports mentioning obstructive complications 
suggest that most centers dealing with children 
with transposition of the great arteries are likely 
to reoperate occasionally for one of these compli- 
cations [1, 2, 3, 5, 6, 9, 10, 11, 13]. 

The purpose of this paper is to describe a 
technique that facilitates reoperation. An ap- 
proach consisting of a right anterolateral 
thoracotomy through the fifth or sixth intercos- 
tal space makes cannulation easier, eliminates 
the need for extensive dissection, and decreases 
the risk of injury to the coronary arteries and the 
phrenic nerve. 
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Technique 


Anesthesia and insertion of monitoring devices 
(arterial and central venous pressure lines) do 
not differ from other intracardiac procedures. 
The patient is positioned with the right side of 
the chest elevated about 30 to 40 degrees from 
the horizontal, and the right arm is held above 
the head (Fig 1). 

A right anterolateral thoracotomy through the 
fifth or sixth intercostal space is performed. If 
exposure is not adequate, the incision can be 
extended to transect the sternum. The right lung 
is dissected from the superior vena cava (SVC), 
right atrium, and inferior vena cava (IVC). If a 
previous right thoracotomy has been performed 
(Blalock-Hanlon operation or shunt procedure), 
it is generally easier to enter the chest through an 
interspace above or below the one previously 
used. Minimal dissection is carried out in 
separating the lung from the right atrium and 
the venae cavae. The remnant of pericardium 
adherent to the lateral right atrial wall is iden- 
tified and dissected in one plane, injury to the 
right phrenic nerve thus being avoided. After 
the IVC, right atrium, and SVC are dissected, 
snares are passed around the SVC and IVC. Dis- 
section of the ascending aorta is possible from 
this approach because it is located anterior and 
most often to the right of the pulmonary artery in 
patients with transposition of the great arteries. 
As a precaution, we prepare one groin for the 
possibility of external iliac cannulation should 
the aortic cannulation prove difficult. However, 
we did not find this necessary in 54 reopera- 
tions. 

Pursestring sutures are placed directly on the 
SVC and IVC for venous cannulation and on the 
right upper pulmonary vein for placement of 
the left atrial monitoring line. 

When these steps are completed, heparin is 
given and the left atrial line is inserted through 
the right upper pulmonary vein. The aorta, SVC, 
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Fig 1. Patient is in position with the right side of 
the chest elevated 40 to 45 degrees. Incision, 
which may be extended across the sternum, ts 
shown by a solid line. 


and IVC are cannulated and bypass is begun (Fig 
2). A vent is inserted through a pursestring su- 
ture in the pulmonary venous atrium (PVA) near 
the atrioventricular groove. The perfusate is 
cooled to 25°C, the aorta is cross-clamped, and 
the PVA is opened transversely across the ter- 
minal sulcus. The incision can be extended pos- 
teriorly to a point midway between the right 


Fig 2. The aortic, superior, and inferior vena 
caval cannulas are in place, the right atrial vent 
has been inserted, and the left atrial line is in 
place. The atrial incision is shown by a dotted 
line. Note that adhesions between the right 
ventricle and sternum are not dissected. 
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upper and right lower pulmonary veins should 
the PVA be enlarged (Fig 3). The vent is ad- 
vanced through the tricuspid valve to the right 
ventricle. Stay-sutures are then placed on the 
edges of the atriotomy so that excellent exposure 
is achieved without retractors. A sump sucker is 
placed near the orifices of the right pulmonary 
veins, and if pulmonary venous return is exces- 
sive, flow is temporarily reduced according to 
the nasopharyngeal temperature. 

In the presence of caval obstruction, we have 
used two techniques. If the obstruction is well 
localized and the rest of the venous channels are 


Fig 3. The atriotomy is extended posteriorly 
between the right pulmonary veins. The vent ts 
advanced into the right ventricle. A portion of 
the previous Mustard patch can be seen. 
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adequate, a simple incision across the narrowed 
part of the patch and insertion of a small Dacron 
patch is sufficient (Fig 4). If both the venous 
pathways are compromised with thickening and 
folding of the patch [11], we prefer to excise the 
whole patch. Only a small rim adjacent to the 
previously placed suture line is left to facilitate 
insertion of the new patch. One has to be careful 
not to place the stitches through the newly 
formed endothelium, which is not strong 
enough. The narrow remnant of the previous 
patch provides a strong insertion line. A patch 
taken obliquely from a tube of woven Dacron 
(Fig 5) is fashioned and sutured in place, usually 
with 4-0 Prolene. Since the crimps of the patch 
run obliquely, kinking of the patch is avoided. 

In patients with pulmonary venous obstruc- 
tion the atrial incision is extended to the poste- 
rior wall of the left atrium, and a generous patch 
of woven Dacron is inserted. This separates the 
orifices of the right pulmonary veins and en- 
larges the volume of the PVA. Problems with 
tricuspid insufficiency can also be dealt with 
readily through this approach. Transatrial clo- 
sure of residual ventricular septal defects and 
repair or replacement of the tricuspid valve are 
carried out in the usual manner. 

In most reoperations after the Mustard proce- 
dure we have enlarged the PVA by using an oval 
piece of woven Dacron (Fig 6). In cases of pul- 
monary venous obstruction it is the essential 


Fig 4. The previous Mustard patch is incised, 
and a small elliptical patch is inserted to relieve 
localized obstruction of the superior vena caval 
pathway. 








Fig 5. The previous Mustard patch has been 
excised. A new patch is cut obliquely from 
woven Dacron tubing and inserted with 
continuous sutures of 4-0 Prolene. A small 
remnant of the previous patch is left behind to 
permit firm placement of sutures. 


part of the repair. In those patients with sys- 
temic venous obstruction, the use of a PVA 
patch enables us to utilize a larger patch for the 
caval pathways, which we hope will prevent a 
recurrence of the obstruction. In other cases 
(tricuspid incompetence, residual ventricular 
septal defects) the rationale for enlarging the 
PVA is prevention of pulmonary venous 
obstruction at a later date. Numerous atrial su- 
ture lines may impair the growth of the atrium, 
which may be further compromised by the 


Fig 6. Patch enlargement of the pulmonary 
venous atrium is completed. The aortic needle 
vent is in place. The right ventricular vent is 
withdrawn into the pulmonary venous atrium. 
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atriotomy at reoperation. For these reasons we 
prefer to enlarge the PVA at most reoperations 
following the Mustard procedure. 

When the lower part of the PVA patch is in- 
serted, an aortic needle vent is placed, the aortic 
valve is made incompetent, and the aortic 
cross-clamp is finally removed. The right ven- 
tricular vent, previously placed through the PVA 
and the tricuspid valve, should prevent right 
ventricular ejection and thus possible air em- 
bolization. Alternatively, the heart can be fibril- 
lated at this stage. This, in our view, is particu- 
larly important, because the heart is not freed 
from pericardial adhesions and therefore the 
risk of air embolization is increased. The patient 
is rewarmed while the PVA patch is being com- 
pleted. Vena caval tapes are relieved to allow the 
heart to fill and to evacuate air from the PVA. 
When the atrium is closed, the pressure in the 
PVA is increased, usually to 5 to 7 mm Hg. Air is 
evacuated by using both the aortic needle vent 
and the vent in the right ventricle, which is then 
withdrawn into the PVA. The fibrillator is re- 
moved. If spontaneous cardiac rhythm does not 
occur, the heart is defibrillated. In spite of 
pericardial adhesions, electrical defibrillation 
has not been difficult in our experience. PVA 
pressure is then gradually increased, and the 
perfusion flow rate decreased when the heart 
ejects. Vents are removed, and perfusion is 
gradually discontinued. The heart is decannu- 
lated in a routine manner. The IVC cannulation 
site can be used for insertion of a systemic venous 
atrial monitoring line if desired. Control of 
bleeding is not usually a major problem because 
of the minimal dissection. The chest is closed in 
a routine manner with pleural drains and pace- 
maker wires in place. 


Comment 


Disadvantages of repeated sternotomy for pa- 
tients after the Mustard procedure are obvious. 
Since the pericardium is usually used for the 
patch, the anterior aspect of the right ventricle is 
adherent to the back of the sternum and is thus 
less protected than in other conditions. If SVC 
obstruction is present, there may be excessive 
bleeding from collateral vessels in the medias- 
tinum during sternotomy. Access to the SVC 
and IVC is frequently difficult because of dense 


adhesions in this area. In patients with transpo- 
sition of the great arteries the dissection has to be 
more extensive because both vessels are usually 
cannulated directly at the original operation and 
certainly have to be cannulated again at reopera- 
tion. 

If major bleeding occurs during sternotomy, 
immediate institution of cardiopulmonary 
bypass is not easy. From the right thoracotomy a 
plane of dissection is usually readily found and 
makes these vessels available for cannulation. 
Aortic cannulation did not present any problems 
in our patients. Postoperative bleeding is always 
a potential hazard after reoperations and is 
perhaps proportional to the number and density 
of adhesions that are transected. The dissection 
is certainly less extensive from the right 
thoracotomy than from the median sternotomy. 
Access to intracardiac pathways and to the 
tricuspid valve is superior from the right side 
rather than from the front when the right ventri- 
cle is trapped in adhesions. Injury to the coro- 
nary arteries is completely avoided by the 
right-sided approach because the ventricle is not 
dissected. Risk of phrenic nerve injury is mini- 
mized through the right thoracotomy, primarily 
because its identification is facilitated so that it 
is easy to avoid. 
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A Method for Direct Coronary 


Sinus Flow 


Measurement and Blood Sampling in the Dog 


Paul R. Liebman, M.D., Michael T. Patten, M.D., 


and Herbert B. Hechtman, M.D. 


ABSTRACT Various methods for sampling and 
measurement of coronary sinus flow in animals have 
been reported. All have disadvantages because of the 
need for fluoroscopy or for special tubing or equip- 
ment. A technique using readily available materials 
is described that provides direct measurement of 
coronary sinus blood flow and allows coronary sinus 
sampling. 


Studies of myocardial metabolism in the ex- 
perimental animal are of increasing interest to 
many investigators. Sampling of coronary ve- 
nous blood and measurement of coronary blood 
flow are essential for such studies. Several 
methods have been reported for catheterization 
of the coronary sinus in closed-chest animal ex- 
periments with [5, 6] or without [2] fluoroscopy. 
Direct placement during thoracotomy has also 
been described [1, 4]. These techniques have 
several disadvantages, including the need for 
fluoroscopy [5, 6] or for special tubing [2, 4, 6] or 
other equipment [4, 6]. In addition, only one 
method provides a direct measure of coronary 
sinus flow [2, 3]. 

Early in this century Morawitz and Zahn [3] 
described a technique for measuring coronary 
blood flow. A specially fabricated silver can- 
nula with an inflatable rubber diaphragm is 
used to direct coronary sinus flow through the 
lumen of the catheter, where it can be measured 
directly. The technique has been used for more 
than twenty years. This paper reports a modifica- 
tion of the Morawitz method using readily avail- 
able materials. 
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Methods 


A coronary sinus catheter is prepared from a 
standard two-way 18 to 20F Foley catheter 
modified by cutting off the rounded tip to 
within 2 mm of the balloon (Fig 1). The catheter 
is coupled to large-bore connecting tubing that 
is led to a graduated reservoir. This reservoir is 
emptied with a standard roller pump, and the 
blood is returned to the experimental animal 
(Fig 2). 

A right thoracotomy is performed in anes- 
thetized, intubated mongrel dogs. The animals 
are heparinized after the pericardium has been 
opened. The coronary sinus is easily identified 
in the posterior atrioventricular groove near the 
inferior vena cava after the cardiac apex has been 
elevated. The vessel’s location and caliber are 
estimated prior to catheter introduction. The 
coronary sinus catheter is introduced through a 
pursestring suture placed low in the right atrium 
and directed toward the coronary sinus ostium 
(Fig 3). Confirmation of correct catheter position 
is obtained by elevating the cardiac apex. The 
catheter or its impression is readily visible 
through the atrial wall or the nearly transparent 
coronary sinus wall. 

Under direct inspection the catheter balloon is 
inflated with 2 to 4 cc of air. This secures the 
catheter in place and diverts all coronary sinus 
flow through its lumen. The balloon is inflated 
just within the coronary sinus ostium in order 
not to occlude venous tributaries. The catheter is 
then attached to connecting tubing that leads to 
a graduated reservoir. A T-connector in this tub- 
ing is convenient for blood sampling (see Fig 1). 
Coronary sinus flow can be measured by timed 
reservoir collections or by calibrating the roller 


pump. 


Results and Comment 

Twenty-one dogs underwent sinus catheteriza- 
tion. Depending on the nature of the metabolic 
study, the catheters were in place from two to ten 
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Fig 1. The simplified coronary sinus catheter, 
showing the balloon being inflated. A T-connector 
with sampling syringe in place is also shown. 








Fig 2. Arrows indicate the path of coronary sinus 
blood flow. Blood is diverted to a graduated 
reservoir and returned to the animal using a 
standard roller pump. 


Rum 


Fig 3. The coronary sinus catheter is shown in 
position. A pursestring suture is placed just above 
the orifice of the inferior vena cava adjacent to the 
coronary sinus ostium. The catheter is inserted 
through an atrial incision and passed into the 
coronary sinus. Correctness of catheter position 
may be confirmed by elevating the cardiac apex and 
both visualizing and palpating the body of the 
catheter. 


hours. All dogs were killed at the end of the 
study. Postmortem examinations of the heart 
and lungs were conducted. 

After a brief initial experience the catheteriza- 
tion procedure became routine, usually taking 
no more than ten minutes after the thoracotomy. 
All 21 animals were successfully catheterized. 
Postmortem examination showed the balloon of 
the catheter to be occlusive in all cases. No inter- 
ference with major venous tributaries was 
noted; however, several small thebesian veins 
that opened into the coronary sinus ostium were 
occluded. Indocyanine green injected into the 
inferior vena cava showed that the catheter sam- 
pled coronary sinus blood without contamina- 
tion from the right atrium. Microscopical exam- 
inations of three biopsies from the apex of the 
left ventricle revealed no evidence of myocardial 
edema or disruption of normal anatomy. 

Coronary blood flow was varied by standard 
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Fig 4. Coronary sinus flow is seen to relate directly 
to the dose of epinephrine infused. This inotropic 
agent was given as a bolus into the femoral vein. 
The arrow size reflects the relative epinephrine 
dose. The animal was killed after the last injection of 
drug. 


techniques such as systemic hemorrhage, fluid 
infusions, or the use of inotropic agents. An 
example of coronary flow fluctuations measured 
by the catheter method is illustrated in Figure 4. 
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CASE REPORTS 


Successful Intracardiac Repair 
of the Taussig-Bing Malformation in 2 Children 


John W. Snoddy, M.D., Emily L. Parr, M.D., 
Louise W. Robertson, M.D., H. Page Mauck, Jr., M.D., 
Carolyn M. McCue, M.D., and Richard R. Lower, M.D. 


ABSTRACT Surgical repair of the Taussig-Bing de- 
formity has been successful in 2 children weighing 
7.7 and 11.1 kg, respectively. In the first case the right 
ventricular patch diverted left ventricular blood to the 
pulmonary artery, thus creating a physiologically 
complete transposition which was then corrected by 
an interatrial Mustard baffle. In the second case a 
right ventricular tunnel diverted left ventricular 
blood to the aorta, and right ventricular blood was 
directed to the distal pulmonary artery by means of an 
external conduit bypassing a subpulmonic stenosis. 

These patients represent the seventh and eighth 
successful corrections of the Taussig-Bing anomaly. 
One case (Patient 2) is the youngest to undergo repair 
and the first to receive an external conduit for bypass 
of an associated subpulmonic stenosis. 


The Taussig-Bing malformation is an uncom- 
mon form of double-outlet right ventricle which 
has infrequently been subjected to complete 
intracardiac repair. Of 6 successful repairs pre- 
viously reported, only 1 patient, a child of 23 
months, was under age 6. We report here 2 chil- 
dren aged 20 months and 31⁄2 years and weigh- 
ing 7.7 and 11.1 kg, respectively, who recently 
underwent successful intracardiac correction. 
The various surgical options and variations that 
may be applicable to this anomaly are reviewed. 


Patient 1 


A white boy born on June 22, 1971, was first 
noted to have congestive heart failure and 
cyanosis at age 3 weeks. A 4/6 pansystolic mur- 
mur was heard along the left sternal border at 
this time. The electrocardiogram revealed com- 
bined ventricular hypertrophy; cardiomegaly 
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and pulmonary plethora were seen on a chest 
roentgenogram. Cardiac catheterization and 
angiography indicated double-outlet right ven- 
tricle and subpulmonic ventricular septal de- 
fect with a pulmonary-to-systemic flow ratio of 
3.4: 1. A mild pseudocoarctation ofthe aorta was 
present without a demonstrable gradient. The 
pulmonary artery was banded at age 5 weeks. 
The patient failed to improve, and when repeat 
catheterization at age 31^ months revealed a per- 
sistent 3.2 : 1 shunt, the pulmonary artery band 
was tightened at repeat operation. Sub- 
sequently, his congestive heart failure was 
slightly improved on digoxin, furosemide, 
spironolactone, and performance of phle- 
botomies, but deep cyanosis persisted. 

At3 years the patient was readmitted for study 
because of repeated respiratory infections and 
increasing cyanosis. The hematocrit was 77%. 
After two phlebotomies with plasmaphoresis, 
catheterization again confirmed the presence of 
Taussig-Bing anomaly with a pulmonary artery 
band (Table 1, Fig 1). Right ventricular pressure 
was 122/4 mm Hg, pulmonary artery pressure 
was 41/18 mm Hg (mean, 28 mm Hg), aortic oxy- 
gen saturation was 56%, and pulmonary artery 
oxygen saturation was 8696. There was a net 
left-to-right shunt of 2:1 and a pulmonary-to- 
systemic resistance ratio of 0.16:1. The elec- 
trocardiogram now showed mainly rightward 
forces. 

On November 14, 1974, with the patient aged 
3 years 5 months and weighing 11.1 kg, complete 
correction of the cardiac defect was carried out 
utilizing hypothermic cardiac arrest and ex- 
tracorporeal circulation. Intraoperative observa- 
tions included a double-outlet right ventricle 
with the aorta slightly anterior and to the right of 
the pulmonary artery, the anterior descending 
coronary artery originating from the right coro- 
nary artery and crossing the base of the pulmo- 
nary artery, a 3 cm X 3 cm infrapulmonary 
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Table 1. Cardiac Catheterization Data 


a — — M ——— ————  —— — ———————— 


Patient 1 


Vessel or Cavity Pressure (mm Hg) 


SVC TT 42 
IVC T 36 
RA 10/0 40 
RV in 122/-4 38 
RV out 104/3 83 
MPA 104/70 AA 
RPA 41/18 86 
FA PE oa 
Asc Ao 109/75 56 
PV (assumed) ie 95 





O, Saturation (%) 


a a — M — — M ——— — ——— 


Patient 2 


Pressure (mm Hg) O; Saturation (%) 


53 

64 

0 62 
100/0 60 
66/0 58 
50/12 75 
6/2 74 
110/65 64 
105/62 63 
95 


SVC = superior vena cava; IVC = inferior vena cava; RA = right atrium; RV = right ventricle; MPA = main pulmonary artery; 
RPA = right pulmonary artery; FA = femoral artery; Asc Ao = ascending aorta; PV = pulmonary vein. 


For Patient 1, pulmonary-systemic flow ratio (Q,/Q,) = 2.0:1 and pulmonary-systemic resistance ratio (R,/R,) = 0.16:1. For 


Patient 2, Q,/Q, = 0.26:1, and R,/R, = 0.19:1. 


ventricular septal defect, and questionable 
pulmonary-mitral valve continuity. By means of 
a transverse right ventriculotomy, the septal de- 
fect was closed so that the left ventricle emptied 
into the pulmonary artery. A Mustard procedure 
and insertion of a Dacron patch (to enlarge the 


Fig 1. Angiograms of Patient 1 show 
simultaneous opacification of the aorta (Ao) 
and the pulmonary artery (PA) from a single 
right ventricular (RV) injection. In the lateral 
view, note the mild pseudocoarctation of the 
aorta. 


pulmonary venous atrium) completed the re- 
pair. Finally, the pulmonary artery was un- 
banded and the area of pulmonary artery 
stenosis resected. 

Postoperatively, his course was marked by 
transient respiratory insufficiency. He was dis- 
charged on the twentieth postoperative day 
acyanotic and improving clinically on digoxin 
and furosemide. When he was last seen, at age 5, 
there was no cyanosis or sign of congestive heart 
failure, and all medications had been discon- 
tinued. His electrocardiogram showed a junc- 
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tional rhythm with right bundle-branch block 
and a rate of 100. The chest roentgenogram re- 
vealed only mild cardiomegaly. 


Patient 2 

A white girl born on March 25, 1973, was first 
noted to be mildly cyanotic at age 6 days. A 
gallop rhythm and a grade 4/6 pansytolic mur- 
mur at the lower left sternal border were present. 
The electrocardiogram showed combined but 
mainly left ventricular hypertrophy, and car- 
diomegaly and pulmonary plethora were seen 
on a chest roentgenogram. Cardiac catheteriza- 
tion at age 2 weeks revealed a Taussig-Bing 
anomaly and a large patent ductus arteriosus. At 
age 3 weeks the patent ductus was ligated and 
the pulmonary artery was banded. 

Increasing cyanosis, dyspnea on mild exer- 
tion, and markedly reduced exercise tolerance 
led to readmission for study at age 19 months. 
The hemoglobin was 19 gm/100 ml. Repeat car- 
diac catheterization and angiography at this 
time confirmed the earlier diagnosis. The 
peripheral oxygen saturation was 63% (Table 1, 
Fig 2). 

On November 25, 1974, aged 20 months and 


Fig 2. Angiograms of Patient 2 show 
simultaneous opacification of the aorta (Ao) 
and the pulmonary artery (PA) from a single 
right ventricular (RV) injection. In the lateral 
view, note the area of narrowing of the 
pulmonary artery at the site of the band. 


weighing 7.7 kg, the patient underwent com- 
plete surgical correction of her cardiac defor- 
mity. The aorta was found to lie slightly anterior 
and to the right of the pulmonary artery. The 
anterior descending coronary artery arose from 
the right coronary artery and passed obliquely 
across the right ventricle at the outflow tract. 
Pulmonary-mitral valve discontinuity and 
marked subpulmonic stenosis (3-4 mm) were 
noted. By means of a right ventriculotomy, the 2 
cm X 2 cm subpulmonic ventricular septal defect 
was closed with a Dacron patch sutured in such a 
manner as to direct the left ventricular blood to 
both the aortic and pulmonary outflow tracts. 
The pulmonary artery was divided, and the dis- 
tal end was connected to the right ventricle by a 
16-mm tubular Dacron graft containing a Han- 
cock porcine valve. 

Postoperative complications included tran- 
sient complete heart block which subsequently 
reverted to normal sinus rhythm on the eighth 
postoperative day. Because of concern that the 
heart block might recur, a demand pacemaker 
was inserted prior to discharge. Heart size and 
pulmonary vascularity have decreased on chest 
roentgenogram, and she is now acyanotic and 
active without signs of congestive heart fail- 
ure. The most recent electrocardiogram shows 


moderate right ventricular hypertrophy with a 
sinus rhythm alternating with a pacemaker- 
induced ventricular rate of 70 beats per minute. 
No cardiac medications are now required. 
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Comment 
The Taussig-Bing deformity is but one of several 
variations of double-outlet right ventricle [18, 
19, 22]. As originally described, the complex in- 
cludes double-outlet right ventricle with a sub- 
pulmonic ventricular septal defect and complete 
origin of the aorta from the right ventricle with 
discontinuity of both the aortic and mitral 
valves. The semilunar valves usually lie at the 
same coronal level in side-by-side fashion, some 
slight variations being noted [23, 25]. The pul- 
monary artery may arise totally from the right 
ventricle or may straddle the septum [24]. Some 
authorities have disagreed on the importance of 
pulmonary-mitral valve discontinuity [7, 13, 14, 
16, 25], and this precise differentiation, before or 
at operation, may be difficult to determine [2, 4]. 
Physiologically, the condition is characterized 
by severe cyanosis due to preferential streaming 
of systemic venous blood into the aorta and left 
ventricular blood into the pulmonary artery [1, 
2,3, 25]. This hemodynamic abnormality is, to a 
marked degree, the result of the anatomical re- 
lationships of the great vessels to the cardiac 
chambers and ventricular septal defect. Thus, as 
was observed in our patients, the arterial satura- 
tion does not closely reflect either the pulmonary 


Table 2. Summary of Previous Cases 


blood flow or the difference in resistance be- 
tween the two circuits. Although echocardiog- 
raphy is often helpful [8, 11], cardiac catheteriza- 
tion and selective angiocardiography appear to 
be the most useful diagnostic tests [5, 6, 11, 21]. 

In infants, surgical palliation has usually con- 
sisted of banding the pulmonary artery to reduce 
pulmonary blood flow, thereby protecting the 
lungs from developing increased resistance. 
Some authors have also recommended con- 
comitant atrial septostomy to improve mixing at 
the atrial level [12]. The proper degree of band- 
ing is often difficult to judge because of the pres- 
ence of marked cyanosis. Subsequent growth of 
the infant may result in increasing cyanosis, 
precipitating the need for a corrective operation. 
In patients with severe pulmonary vascular 
obstruction a palliative Mustard operation 
without closure of the ventricular septal defect 
has been useful [3]. 

Successful intracardiac repair has been re- 
ported in 6 prior cases which have illustrated the 
two basic choices in surgical technique (Table 2). 
One may convert the defect to a physiologically 
complete transposition, as was done in 4 previ- 
ous cases and our first patient, by placing the 
intraventricular patch so that left ventricular 


e ——— ———— 


Patient 
No. Source Age and Sex Operation Result 
1 [24] 11-year- LV blood shunted Died 8 mo 
old girl to Ao via RV incision postop (possibly unrelated) 
2 [13] 7-year- LV blood shunted to PA Doing well 
old girl via RV incision, then 1 yr postop 
Mustard procedure 
3 [13] 61/2-year- LV blood shunted to PA Doing well 
old boy via RA and TV, then 1 yr postop 
Mustard procedure 
4 [13] 7-year- LV blood shunted to PA Doing well 
old boy via RA and TV, then several months postop 
Mustard procedure 
5 [27] 23-month- LV blood shunted to PA Doing well 
old boy via RV incision, then 19 mo postop 
Mustard procedure 
6 [14] 7-year- LV blood shunted Doing well 
old girl to Ao via RV incision 18 mo postop 
7 [12] 3-year- LV blood shunted to Ao Died during operation 


old child (sex 
not specified) 


(incision not specified) 


——————— M —— ——— M e ————————— 


LV = left ventricle; Ao = aorta; RV = right ventricle; PA = pulmonary artery; RA = right atrium; TV = tricuspid valve. 
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blood enters the pulmonary artery exclusively. 
The systemic venous return is then transposed 
by the Mustard interatrial baffle [13, 27]. This 
approach was first demonstrated by Hightower 
and co-workers [13] and thus far seems to be a 
viable alternative. There exists the theoretical 
disadvantage of leaving the patient with sys- 
temic pressure in the right ventricle which could 
tend to compress or collapse the diverting tunnel 
if the pulmonary pressure should revert to nor- 
mal [28]. The other disadvantages are the uncer- 
tain long-term results of the interatrial baffle 
procedure and of the persistence of systemic 
pressure in the right ventricle and on the tricus- 
pid valve. 

The alternative approach of diverting left ven- 
tricular blood to the aortic outflow tract has been 
carried out in 3 previous patients [1, 12, 24], 
twice successfully, and in our second patient. 
Other authors have commented on the technical 
features which may make this approach dif- 
ficult, notably, its tendency to obstruct blood 
flow to the pulmonary outflow tract. In our sec- 
ond patient this problem was met by construct- 
ing an external conduit from the right ventricle 
to the distal pulmonary artery [9, 13, 26]. This 
approach, particularly in an infant, results in the 
probable need for future conduit revision. 

The 2 cases reported here, as well as the pre- 
viously reported patients, illustrate that the 
Taussig-Bing anomaly may be physiologically 
corrected at nearly any age. The optimum choice 
of reparative technique is unclear at present and 
requires further long-term observation. Vari- 
ations on the basic techniques described here 
are necessary in the face of additional lesions 
such as muscular subpulmonic obstruction sec- 
ondary to previous palliative banding, pulmo- 
nary stenosis [1, 17], or left ventricular outlet 
obstruction [20]. In the absence of associated 
anomalies [10, 15] or greatly elevated pulmonary 
vascular resistance [24], a good operative result 
may be expected. 
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Paraplegia Following Intraaortic Balloon Assistance 
Denis H. Tyras, M.D., and Vallee L. Willman, M.D. 


ABSTRACT In a patient receiving intraaortic bal- 
loon counterpulsation following myocardial revas- 
cularization, paraplegia developed two days post- 
operatively. Postmortem examination demonstrated 
a dissecting hematoma of the thoracic aorta and spinal 
cord infarction. The neurological deficit is thought to 
be due to embarrassment of spinal cord blood supply, 
and mechanisms of injury are discussed. 


Intraaortic balloon counterpulsation (IABC) is 
an important adjunct in the current practice of 
cardiac surgery, its greatest reported effective- 
ness being in those patients with severe cardiac 
power cardiopulmonary 
bypass [5, 6, 7, 13]. This report describes a pa- 
tient who developed paraplegia 36 hours after 
the onset of IABC instituted for such an indica- 
tion. It correlates the clinical findings with the 


failure following 


anatomical lesions found at postmortem exam- 
ination. 


A 61-year-old man underwent coronary ar- 
teriography for evaluation of increasing exer- 
tional chest pain. There was 95% stenosis of the 
left main coronary artery and 8096 occlusion of 
the right coronary artery as determined by ar- 
teriography. The neurological examination was 
normal. On February 18, 1977, aortocoronary 
saphenous vein bypasses were performed to the 
right, left anterior descending, and circumflex 
coronary arteries using extracorporeal circula- 
tion. Because of difficulty encountered in dis- 
continuing cardiopulmonary bypass, IABC was 
initiated and resulted in satisfactory weaning 
from bypass. An Avco 40 ml intraaortic balloon* 
was inserted without difficulty through the right 
common femoral artery into the descending 
thoracic aorta distal to the left subclavian artery. 
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The patient had gradual improvement in cardiac 
function over the next 36 hours with decreasing 
need for vasopressors. He was alert, responsive, 
and without neurological deficits. 

Forty-eight hours postoperatively, while 
IABC was still being employed, the patient 
complained of the sudden onset of pain and 
inability to move the legs. Pedal pulses were 
palpable in both feet; good color and normal 
capillary filling were noted. He was found to 
have bilateral flaccid paralysis of both lower ex- 
tremities. A sensory level of T12 was noted on 
the right side with intact sensation to pinprick 
on the left. Bladder sensation and anal sphincter 
tone were normal. The intraaortic balloon was 
removed within 30 minutes of these develop- 
ments, and intravenous dexamethasone therapy 
was begun without change in the neurological 
status. The arterial pressure was 130/80 mm Hg, 
and cardiac output (measured by thermodilu- 
tion) was 4.2 liters per minute. 

Renal failure with oliguria developed later on 
the same day despite adequate cardiac hemody- 
namic function. Peritoneal dialysis was initiated 
on the following day and continued throughout 
the patient's course. Subsequent neurological 
examination revealed flaccid paralysis of both 
legs with sensory levels of T10 on the left and T12 
on the right. Rectal sphincter tone had di- 
minished. The remainder of the five-day hospi- 
tal course was one of progressive deterioration. 


Postmortem Findings 


A recent anteroseptal myocardial infarction was 
found. All three vein grafts were patent. There 
was a subadventitial hematoma of the thoracic 
aorta beginning 6 cm beyond the left subclavian 
artery and extending to 5 cm proximal to the 
celiac artery (Figs 1, 2). This hematoma sur- 
rounded at least six pairs of intercostal arteries. 
The aortic intima was intact in its entirety de- 
spite ulcerative atherosclerotic plaques in the 
distal abdominal aorta. Examination of the spi- 
nal cord revealed severe neuronal loss and ne- 
crosis in the central gray matter of the lower 
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Fig 1. Postmortem specimen of thoracic and upper 
abdominal aorta demonstrating subadventitial 
hematoma (arrow). Probe is located in celiac artery 
ostium. A section has been removed for 
microscopical evaluation. 


thoracic, lumbar, and sacral spinal cord. Several 
small vessels in the leptomeninges contained 
thrombi. Both kidneys demonstrated acute 
tubular necrosis. The renal arteries were patent. 


Fig 2. Microscopical section of thoracic aorta show- 
ing hematoma located within the media (ar- 
row). (H&E; original magnification x 40.) 








Comment 


IABC has become a valuable adjunct in the man- 
agement of patients with temporary cardiac 
power failure following cardiac reconstructive 
surgery. Great care has been taken by the vari- 
ous manufacturers of these assist devices to 
maximize patient safety, such as protection 
against balloon hyperinflation, nonthrom- 
bogenic coating of the inserted device, and fail- 
safe mechanisms built into the control console. 
Most reported complications have been directly 
related to complications of balloon insertion or 
withdrawal. Although vascular complications at 
the femoral artery cannulation site have been as 
high as 3696 in one reported series [2], we have 
encountered limb ischemia in only 5 of 140 pa- 
tients undergoing IABC. In 3 of these patients, 
removal of the balloon catheter restored normal 
peripheral vascularity and pulses; in the other 2, 
foot pulses were lost but limb viability was 
maintained. The use of low-molecular-weight 
dextran while the balloon is in place, avoidance 
of a static state of the balloon (i.e., nonpumping 
while in position), passage of embolectomy 
catheters proximally and distally at the time of 
catheter removal, and careful repair of the can- 
nulation site have undoubtedly contributed to 
our low incidence of local vascular complica- 
tions. 

Dissecting aneurysms from intraaortic bal- 
loon catheter insertion have been reported by 
several authors [3, 4, 10, 11]. Most of these have 
been related to overzealous introduction of the 
catheter into severely atherosclerotic aorto- 
iliofemoral arteries with creation of a false pas- 
sage in the aortic wall [3]. O'Rourke and 
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Shepherd [10] described 1 patient in whom the 
aortic intima had been lacerated in the region of 
the origin of the left subclavian artery, the lacera- 
tion presumably being caused by upward inser- 
tion of the catheter tip against the aortic wall 
when the patient sat upright. 

In our patient the aortic intima was intact in its 
entirety, no evidence of a false passage was 
found, and the subadventitial hematoma was 
localized to the descending thoracic aorta in the 
region in which the balloon catheter had been 
located. Two similar cases have been reported. 
In 1 [11] a "subadventitial hematoma with dis- 
secting fusiform aneurysm" was found; no 
further data are available. In a more recent report 
[4] a subadventitial hematoma was noted from 
“2 cm below the origin of the left subclavian 
artery for 25 cm . . . [extending] below to the 
origin of the left renal artery.’’ This patient, like 
ours, had a 40 ml Avco balloon utilized. In 
neither of these case reports was any neurologi- 
cal deficit mentioned. 

Lower extremity neurological deficits pre- 
viously reported in association with IABC have 
been ascribed to femoral artery occlusion or 
thromboembolic disease [8]. Paraplegia has not 
previously been described as a complication of 
IABC. The blood supply of the anterior spinal 
cord originates primarily from the anterior spi- 
nal artery, of which the artery of Adamkiewicz 
may be an important contributor [12]. This ves- 
sel arises in a variable fashion, often from the 
lower thoracic and upper lumbar intercostal ar- 
teries, especially on the left. In our patient the 
subadventitial aortic hematoma surrounded at 
least six pairs of lower thoracic intercostal ar- 
teries and could well have compromised this 
important source of spinal cord blood supply. 
Microscopical examination of the spinal cord 
confirmed the presence of a spinal cord infarct. 

It has been suggested that abnormal shearing 
stresses may be responsible for the disruption of 
subadventitial aortic vasa vasorum [4]. This 
finding may be an error in terminology inas- 
much as shearing stress implies differential rates 
of acceleration or deceleration between regions 
of aorta. What has probably been exceeded is the 


elastic modulus of the aortic media [1, 9]. This 
result may be more likely with the 40 ml rather 
than the 30 ml balloon. If so, only the use of a 
smaller balloon catheter may have prevented 
this complication. Great care exercised in the 
insertion and withdrawal of the intraaortic bal- 
loon catheter remains the most reliable method 
of preventing complications. 
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Introducing the first thrombolytic agent 
for objectively diagnosed deep venous thrombi 
and acute massive pulmonary emboli. 


Hoechst-Roussel Pharmaceuticals Inc. 


Announces 


Streptase 


(streptokinase) IV 


Now... à new alternative to surgery... 





e avoids the risks associated with thrombectomy. 


e reduces the need for high-risk pulmonary 
embolectomy. 


Artist’s conception of thrombolysis. 





To lyse venous thrombi and 
pulmonary emboli—intrave- 
nous Streptase’ (streptokinase). 
Anticoagulant therapy is given 
following Streptase to prevent 
rethrombosis. 


Now physicians have available a 

Anedical therapy for the early clearance 
of deep venous thrombi that is prefer- 
able to thrombectomy because it may 
preserve valvular function and avoid 
chronic stasis, although long-term bene- 
fits have not been established. And 
acute massive pulmonary emboli may 
be cleared without high-risk embolec- 
tomy. 


A unique mode of action 

New Streptase is the highly puri- 
fied form of streptokinase, a bacterial 
protein derived from B-hemolytic strep- 
tococci. It combines with plasminogen 
to form an activator complex that con- 
verts residual plasminogen into the 
proteolytic enzyme plasmin. Plasmin 
hydrolyzes fibrin into polypeptides. 


/High rate of clinical 
success demonstrated by 
angiography: 


In patients with venous thrombosis 





During 


In comparative controlled studies 
of 78 patients with venous thrombosis, 
"$Streptase produced complete or sig- 





nificant clearing of the thrombosis in 
5496 of patients while only 796 on 
conventional heparin therapy showed 
similar results. 


In patients with pulmonary embolism 





In studies of 124 patients with pul- 
monary embolism, complete or signifi- 
cant clearing was seen in 6696 of the 
patients on Streptase but in only 1196 
of the heparin-treated patients. 


Table | 
Comparative angiographic results during 
controlled investigations* 





Pulmonary Embolism 





Venous Thrombosis 





Results 









Heparin Streptase Heparin 
(41 patients) | (36 patients) | (B8 patients) 


Streptase 
(37 patients) 



































Complete 

dearna 22% 5% 22% 5% 
Significant, 

but incomplete, 32% 2% 44% 6% 
clearing 













Minimal 
clearing 






21% 20% 20% 


No change 








Worse 





In most cases, clearance was achieved in 72 hours or less. 


For best results, Streptase should be used within 2 weeks 
after onset of venous thrombosis symptoms and within 5 days 
after onset of pulmonary embolism symptoms. Please see 
last page of this advertisement for a brief summary of pre- 
scribing information. 


*Data on file and available on request from Hoechst-Roussel 
Pharmaceuticals Incorporated. Pulmonary embolism data 
include those taken from National Heart and Lung Institute 
study. 











Thrombosis and thrombolysis 
information available 


When considering the use 
of Streptase (streptokinase), 
comprehensive knowledge of 
prescribing information and 
strict observance of the contra- 
indications, warnings, precau- 
tions, and dosage and adminis- 
tration instructions are most im- 
portant to minimize the incidence 
and severity of adverse reac- 
tions, the most significant and 
frequent being fever, allergy 
and bleeding. Use of Streptase 
requires an interdisciplinary 
effort and therefore should be 
reserved for those hospitals with 
facilities for angiography, co- 
agulation testing and volumetric 
or syringe pump administration 
of Streptase intravenously. 

Hoechst-Roussel has pre- 
pared a comprehensive educa- 
tional program on thrombosis 
and thrombolysis that includes 
two films, associated mono- 
graphs, dosage and administra- 
tion guidelines and a Speakers 
Bureau of physicians experi- 
enced in the use of thrombolytic 
therapy. 

For information, interested 
physicians may contact Scientific 
Services, Room 236, Building M, 
Hoechst-Roussel Pharmaceuticals 
Inc., Somerville, New Jersey 
08876, (201) 685-2611, or the 
local Hoechst-Roussel Sales Rep- 
resentative. 

For a complete list of indi- 
cations, contraindications, warn- 
ings, precautions, adverse re- 
actions and dosage information, 
please refer to the full prescrib- 
ing information for Streptase, 

a summary of which appears on 
the following page. 


HOECHST-ROUSSEL 
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SOMERVILLE, NEW JERSEY 08876 
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Streptase’ 


(streptokinase) IV 


Brief Summary of the 
Prescribing Information 


Streptase® (streptokinase) should only be used 
by physicians with wide experience in the 
management of thrombotic disease in hospi- 
tals where the recommended clinical and lab- 
oratory monitoring can be performed. The full 
prescribing information should be read for 
complete details. 

When considering treatment with Streptase® 
(streptokinase) the overall clinical status and 
history of the patient should be carefully as- 
sessed. The hemostatic capability of the pa- 
tient is more profoundly altered and bleeding 
more frequent with Streptase® (streptokinase) 
therapy than with heparin or oral coumarin 
compound anticoagulant therapy. When bleed- 
ing occurs it is also more severe and more dif- 
ficult to manage. The potential risk of serious 
hemorrhage relative to such factors as age, 
physical condition, and underlying bleeding 
tendency of the patient should be weighed 
against the potential benefits of treating the 
patient with Streptase® (streptokinase). 





Indications 


Pulmonary Embolism: Streptase® (strep- 
tokinase) is indicated in adults for the lysis of 
acute massive pulmonary emboli, defined as 
obstruction or significant filling defects involving 
two or more lobar pulmonary arteries or an 
equivalent amount of emboli in other vessels. 
It may also be indicated for embolization 
accompanied by unstable hemodynamics. The 
diagnosis should be confirmed by objective 
means. Streptase® (streptokinase) treatment 
should be instituted as soon as possible after 
onset of symptoms and no later than five days 
after onset. Reduction of morbidity or mortality 
has not been established. 


Deep Vein Thrombosis: Streptase® (strepto- 
kinase) is indicated for lysis of acute, extensive 
thrombi of the deep veins in adults. Diagnosis 
should be confirmed by objective methods. 


Streptase® (streptokinase) should be adminis- 


tered as soon as possible after the onset of the 
thrombotic event (preferably within several 
days), although slight enhancement of clot lysis 
has been shown with initiation of therapy up to 
two weeks after the onset of symptoms. 


Contraindications 


Predisposition to Bleeding: Because thrombolyt- 


ic therapy increases the risk of bleeding, Strep- 
tase® (streptokinase) is contraindicated when 
the following conditions exist: surgery within 10 
days, liver or kidney biopsy within 10 days, 
intraarterial diagnostic procedure within 10 
days, ulcerative wound, recent trauma, visceral 
carcinoma, parturition (within 10 days), ulcera- 
tive colitis or diverticulitis, hypertension, liver or 
kidney disease, thrombocytopenia or other evi- 
dence of defective hemostasis, active tuber- 
culosis, Subacute bacterial endocarditis, gas- 
trointestinal bleeding within 6 months. 


Predisposition to Allergy: Streptase* (strep- 
tokinase) is contraindicated in patients with a 
history of a previous severe allergic reaction to 
Streptase® (streptokinase) or who present a 
significant risk of an allergic response. 


Recent Cerebral Embolism, Thrombosis, or 
Hemorrhage: Treatment with Streptase" (strep- 
tokinase) is contraindicated for at least two 
months. 


Predisposition to Systemic Infection: Use of 
Streptase* (streptokinase) in septic throm- 
bophlebitis may be hazardous because of the 
risk of inducing systemic infection. 

Warnings 


Bleeding: Activation of the fibrinolytic system 
with Streptase® (streptokinase) results in a 
more profound alteration of the hemostatic 
status of the patient than does anticoagulant 
therapy. Although the aim of Streptase^ 
(streptokinase) therapy is the production of 
sufficient amounts of plasmin for lysis of 
intravascular deposits of fibrin, other fibrin 
deposits are also destined for lysis and bleed- 
ing may result. The possibility of bruising or 
hematoma formation especially with 
intramuscular injections is high. 

Bleeding at sites of recent invasive proce- 
dures may occur. Should an arterial puncture 
be absolutely necessary, the femoral artery 
must be avoided and the radial or brachial ar- 
tery used. Also, invasive venous procedures 
should be performed as carefully and in- 
frequently as possible. If the bleeding from an 
invasive site is not serious, treatment may be 
continued with appropriate clinical observations. 

Spontaneous bleeding from internal sites may 
also occur. 

Should serious spontaneous bleeding occur, 
the infusion of Streptase* (streptokinase) 
should be terminated immediately. 

In addition to its fibrinolytic action, plasmin 
also degrades fibrinogen, Factor V, Factor VIII, 
and other proteins. These products possess an 
anticoagulant effect and should be monitored 
by serial thrombin time determinations. 


Predisposition to Cerebral Embolism: Treatment 
with Streptase® (streptokinase) of patients with 
conditions in which there is possible risk of 
cerebral embolism may be hazardous because 
of the risk of bleeding into the infarcted area. 


Allergy: Streptase* (streptokinase) is antigenic, 
thus, allergic reactions including anaphylaxis 
may occur. 

Recipients of Streptase* (streptokinase) 
should be observed carefully during the first few 
hours of therapy. Patients with known allergies 
to other antigens are more likely to react. If sig- 
nificant changes in blood pressure or asthmatic 
symptoms occur which might be due to allergy, 
the infusion should be terminated and symp- 
tomatic treatment employed. 

Other mild allergic manifestations have also 
been observed but generally are not serious 
enough to require discontinuation of therapy. 


Use of Anticoagulants: Concurrent use of an- 
ticoagulants with Streptase® (streptokinase) is 
not recommended and may be hazardous. A 
thrombin time of less than twice the normal 
control value is adequate for starting Streptase® 
(streptokinase) infusions safely following the use 
of heparin. Heparin should not be started fol- 
lowing Streptase® (streptokinase) therapy until 
the thrombin time has returned to less than 
twice the normal control value. 

In order to minimize rethrombosis, the use of 
intravenous heparin followed by oral anticoagu- 
lant therapy is considered a necessary adjunct 
following Streptase® (streptokinase) therapy. 


Use in Pregnancy and in Children: Streptase® 
(streptokinase) therapy during pregnancy and in 
children is not recommended. 


Precautions 


If the patient's history gives rise to suspicion of 
elevated resistance, the streptokinase resistance 
test should be used to determine the proper 
loading dose. When resistance levels in excess 
of 1,000,000 |.U. are found, Streptase® (strep- 


tokinase) should not be administered. 
Streptase® (streptokinase) infusions nave 

been associated with altered platelet function. 

Concurrent use of drugs that may potentiate 

this effect should be avoided. 

Adverse Reactions 


Incidence and Management 


Bleeding: Severe spontaneous bleeding has 
been documented in 6 of 292 patients during à 
Streptase® (streptokinase) treatment. Several 
fatalities due to cerebral hemorrhage have oc- 
curred during Streptase® (streptokinase) 
therapy. Less severe spontaneous bleeding has 
been observed during Streptase® (strepto- 
kinase) treatment at approximately twice the 
frequency as that occurring during heparin 
therapy. In several instances, spontaneous 
bleeding has been traced to concomitant an- 
ticoagulant treatment which is not recom- 
mended. 


Management of Severe Bleeding: Streptase® 
(streptokinase) therapy must be discontinued. If 
very rapid reversal of the fibrinolytic state is re- 
quired, treatment with aminocaproic acid 
(EACA) can be instituted. 

Plasma volume expanders are indicated to 
replace blood volume deficit. If blood loss has 
been large, Red Blood Cells (Human) may also — 
be indicated. If only Whole Blood (Human) is | 
available, it may also be used. 


Allergic Reaction 


Incidence: Reactions determined to represent 
possible anaphylaxis have been observed in 7 
of 292 patients treated with Streptase® (strep- 
tokinase). These ranged in severity from minor 
breathing difficulty to bronchospasm, periorbital 
swelling, or angioneurotic edema. Other milder 
allergic effects have been observed in approx- 
imately 12% of patients. There was no apparent 
relationship to dosage. 

Management of Allergic Reactions: Mild and 
moderate reactions may be managed with con- 
comitant antihistamine and/or corticosteroid 
therapy. Severe allergic reactions require im- 
mediate discontinuation of Streptase® (strep- 
tokinase), with corticosteroids administered 
intravenously as required. 


Fever 


Incidence: One-third of patients treated with 
Streptase® (streptokinase) have shown in- y 
creases in body temperature of 1.5°F or more; ~ 
the incidence of fever=104°F was 3.4%. 


Management: Symptomatic treatment is usually 
sufficient to alleviate discomfort. The use of 
acetaminophen rather than aspirin is recom- 
mended. 


Phlebitis: Phlebitis near the site of intravenous 
infusion of Streptase® (streptokinase) has oc- 
curred in less than 2% of patients. 


How Supplied 
Streptase® (streptokinase) is supplied as a 
lyophilized white powder in 6.5 ml vials (in 
packages of 10) with color-coded labels corre- 
sponding to the amount of purified Streptase® 
(streptokinase) in each vial as follows: 100,000 
IU (yellow), 250,000 IU (green), 750,000 IU (blue) 
In each vial there is a 20% overfill above that 
stated on the label. Each vial also contains 
25 mg cross-linked gelatin polypeptides and V 
25 mg sodium L-glutamate as stabilizers. r 
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Standard suction cathe 
bronchial mucosa, as shown "S 
rendering on the front cover of an actual 
photograph made through a bronchofiberscope. 


As illustrated on this page the Argyle Aero-Flo 
Tip Suction Catheter minimizes tissue grab and 
resultant damage. The aerodynamically designed 
tip prevents the side eyes from contacting wall 
of airway to assure efficient aspiration with 
minimal tissue damage. 


Unretouched section of film 
shown in artist's rendering. 
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Aero-Fio Tip.. the suction 
catheter proven to 
minimize tissue grab. 


Airis drawn into the catheter through the end hole and around the integral 
ring into the side eyes. This pattern creates an air cushion which tends to 
center the catheter in the airway and minimizes invagination of tissue. The 
ring is a physical barrier that holds the eyes away from delicate mucosa. 
If bronchial bifurcation is contacted, the four side eyes vent the end hole 
and reduce tip suction to safe levels. 





» ACTUAL PHOTO COMPARISONS OF THE PERFORMANCE OF 
7 LEADING SUCTION CATHETERS AFTER SIX HOURS OF CONTROLLED SUCTION 





National Catheter 
Gentle-Flo* 
Unretouched photographs taken during a 
controlled study comparing the effects of 
suction catheters on the mucosa of mongrel 
dogs with tracheobronchitis show marked 
differences in gross appearance. Suctioning 
was performed at vacuum levels of 100 and 
180mm of Hg using interrupted suctioning 


Pharmaseal Tri-Flo* 


Bard Parker Reg-U-Vac* 


technique. Dogs on which suction was per- 
formed with standard catheters suffered 
scattered lesions ranging from edema and 
hyperemia through mucosal ulceration and 
hemorrhage. Gross examination failed to re- 
veal damage with the Argyle Aero-Flo Tip 
Suction Catheter. 


Argyle Aero-Flo* 


(A) (B) (C) 





In a separate study — tracheobronchial mucosae sectioned and stained 
with hematoxylin and eosin after six hours of controlled suction show 
effects of various suction catheters on tissues. Standard 14 Fr. end 
hole-side eye suction catheter sections (A) and (B) reveal tissue damage. 
The 44 Fr. Argyle Aero-Flo Tip Suction Catheter section (C) shows normal 
mucosal and submucosal layers* The tissue trauma means extra days 
in the hospital to the patient, more care and concern to the nurse. 


4 *Sackner, M. A., et al: Pathogenesis and prevention of tracheobronchial damage with 
3 suction procedures, Chest 64: 284-290, September 1973. 


SEE THIS IMPORTANT FILM 


Actual movies taken during this study present vital professional in- 
formation you need. See how to minimize tissue trauma and its possi- 
ble complications during tracheobronchial suctioning. See your Argyle 
Representative, write or call Dept. A.K. 314/621-7788 TODAY FOR 
FREE SHOWING. 
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AERO-FLO® TIP | 
Suction Catheter Kits 


Increased patient safety, 
plus more convenience for hospital personnel. 
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Everything required for sterile suctioning procedure is ready for use. 
Available with pop-up or rigid basins, plus choices of components to 
fit any sterile suctioning procedure. The Argyle Aero-Flo Tip Suction 
Catheter is available in a complete range of sizes. 


Ask your Argyle representative. Or write to Dept. A.K. 
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CURRENT REVIEW 


Reconstructive Valve Surgery 
Phillip N. West, M.D., and Clarence S. Weldon, M.D. 


ABSTRACT Despite continued refinement of heart 
valve prostheses, valve replacement carries risks of 
thromboembolic, mechanical, and infectious compli- 
cations, and long-term success is further limited by 
the eventual wear of prosthetic parts. In many pa- 
tients with congenital or acquired valve disease, 
valve function may be improved, if not restored, by 
reconstructive techniques, prosthetic replacement 
being thereby avoided or delayed. 

This review examines the current status of recon- 
structive procedures for management of diseased 
valves, with emphasis on long-term results and post- 
operative hemodynamic studies. In many instances 
the choice between reconstruction and replacement 
of a diseased valve remains controversial. The 
documented success of selectively applied recon- 
structive techniques, however, weighs against expe- 
dient decisions for prosthetic replacement and sup- 
ports a continuing search for new techniques. 


Diseased cardiac valves can in most instances be 
excised and replaced with prostheses, near- 
normal valve function being thereby im- 
mediately restored. However, these valve sub- 
stitutes have an incidence of failure related to 
thrombus formation and embolism [3], infection 
(18, 45], dehiscence, and eventual wear of 
prosthetic parts [21]. When there is sufficient 
pliable valve tissue, it is possible in many cases 
to reconstruct valves. These efforts require pre- 
cision of judgment and delicacy of technique, 
and even at best the result is an improvement of 
function rather than restoration of perfect func- 
tion. The choice of valve replacement or valve 
reconstruction in these cases is therefore justi- 
fiably controversial. There is little reason for 
dogmatism since an appraisal of results can only 
be achieved with time. 


From the Division of Cardiothoracic Surgery, Department of 
Surgery, Washington University School of Medicine, St. 
Louis, MO. 


Presented at the 11th Postgraduate Course of the Society of 
Thoracic Surgeons, San Francisco, CA, Jan 23, 1977. 


Address reprint requests to Dr. Weldon, 4960 Audubon Ave, 
St. Louis, MO 63110. | 


Congenital Tricuspid Valve Disease 


The tricuspid valve is a frequent site of congeni- 
tal malformation. Most often, congenital hypo- 
plasia of the tricuspid valve exists in conjunction 
with right ventricular hypoplasia, and neither 
valve reconstruction nor valve replacement 
solves the problem. 

Ebstein’s malformation is an uncommon dis- 
order with a wide spectrum of anatomical and 
functional abnormalities [6]. Tricuspid valve in- 
competence is the rule owing to the deficiency of 
valve leaflet tissue and the discontinuous line 
of leaflet attachment. Cyanosis and marked 
functional disability have prompted surgical in- 
tervention, and approximately 60 surgical cases 
have been reported. 

Kitamura and associates [25] reviewed the 
problem in 1971. Of 37 patients undergoing sur- 
gical treatment, 11 had had reconstruction of the 
tricuspid valve with 5 deaths, and 26 had had 
valve replacement with 3 deaths. Barnard and 
Schrire [2] made a notable contribution when 
they suggested that the prosthetic valve be 
placed above the coronary sinus to avoid heart 
block. In 1976 a report of the cumulative Mayo 
Clinic experience indicated successful recon- 
struction in 6 patients using atrioventricular pli- 
cation and annuloplasty, whereas among 5 pa- 
tients undergoing valve replacement, 4 deaths 
occurred [29]. Controversy persists concerning 
the necessity of eliminating the "atrialized" ven- 
tricle while doing valve replacement, but this 
decision would appear to be governed by the 
varying size and contractility of this segment in 
each individual case [25, 29]. 

The reconstructive technique of G. K. Daniel- 
son* (Fig 1) employs plication of the atrialized 
ventricle followed by a reduction annuloplasty 
similar to that described by DeVega [17]. When 
there is right ventricular outflow obstruction 
due to fusion of the anterior leaflet, or when 
anomalous chordae tendineae extend into the 


*Danielson GK: Personal communication, 1977. 
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Fig 1. Repair of Ebstein’s malformation (GK 
Danielson, personal communication, 1977) as 
viewed through a right atriotomy. The coronary 
sinus ostium and a sutured atrial septal defect 
are at the left in each view. Diminutive septal 
and posterior tricuspid valve leaflets lie 
opposite an enlarged anterior leaflet. (A) 
Pledget-supported sutures are used to plicate 
the atrialized portion of the ventricle, following 
which (B, C) the annulus is reduced by a 
technique similar to that used in the DeVega 
annuloplasty. 


outflow region, prosthetic replacement of the 
tricuspid valve will probably be necessary. 


Congenital Pulmonary. Valve Stenosis 

Congenital stenosis of the pulmonary valve is a 
common problem which can generally be re- 
lieved by a simple reconstructive procedure: 
commissurotomy. In more severe forms, such as 
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pulmonary valve dysplasia, in which commis- 
surotomy.is not possible, partial and total 
valvectomy has been recommended. When 
pulmonary valve hypoplasia exists in combina- 
tion with hypoplasia of the right ventricular in- 
fundibulum and the main pulmonary artery, the 
usual technique has been to employ commis- 
surotomy together with gusset enlargement of 
the pulmonary valve annulus [50]. 

Marchand [27] devised a reconstructive tech- 
nique for enlarging the pulmonary valve an- 
nulus and restoring pulmonary valve function. 
A patch of aortic homograft including a tongue- 
shaped portion of ascending aorta, a single cusp 
of the aortic valve, and the attached anterior 


mitral leaflet is sewn to the longitudinally di- 


vided pulmonary annulus (Fig 2). When the uni- 
cuspid patch is properly aligned with the re- 
sidual hypoplastic pulmonary valve, it relieves 


A 
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Fig 2. Reconstruction of pulmonary valve 
hypoplasia by enlargement of the right 
ventricular outflow tract with a patch of 


unicuspid aortic homograft. ja pulmonary artery; 
RV = right ventricle.) 


obstruction yet maintains valve competence. We 
recently restudied 7 patients two to seven years 
after they had undergone right ventricular 
outflow tract reconstruction by means of this 
technique [52]. In no case was valve function 
perfect, but in 6 out of the 7, regurgitation was 
judged to be slight or moderate. 


Congenital Mitral Valve Disease 


Mitral valve anomalies are usually detected early 
in life and are frequently associated with other 
cardiac abnormalities [15]. Surgical manage- 
ment has usually meant valve replacement with 
a small prosthesis [5, 7]. Such therapy produces 
results which are initially gratifying but later 
disappointing, since many of these valves de- 
velop the complications of prostheses. Like 
others, we have reported our initial successes 
with mitral valve replacement in children [26] 


only to be secretly embarrassed later when some 
of these children died of thromboembolic dis- 
ease. | 

Congenital cleft of the posterior mitral valve 
leaflet, a relatively simple malformation, has 
been reviewed by McEnany and associates [28]. 
This defect is sufficiently rare that it was not 
described in either a postmortem series [15] ora 
recent surgical series [12]. Of 10 collected pa- 
tients, 5 were treated by suture closure and an- 
nuloplasty and 2 by suture closure alone. 

A remarkable recent contribution is the com- 
bined report from Paris, Leiden, and Bergamo 
on the management of 47 patients with congeni- 
tal mitral valve lesions [12]. Drawing on the 
postmortem studies of Davachi and associates 
[15], Carpentier and co-workers have classified 
mitral malformations according to the functional 
abnormality (stenosis, insufficiency) and the 
anomalous anatomical component (valve 
leaflets, chordae tendineae, or papillary muscle). 
A variety of techniques were employed to recon- 
struct these lesions, including ring annulo- 
plasty, suture of cleft leaflets, partial valvectomy 
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and repair, sliding plasty of papillary muscle, 
shortening of chordae, reinsertion of papillary 
muscle, commissurotomy, fenestration of fused 
chordae, and resection of papillary muscle. 

Among 14 patients with insufficiency due to 
leaflet anomalies, reconstruction was achieved 
in 13. Of 18 children with insufficiency as- 
sociated with chordae or papillary muscle 
anomalies, 13 had successful mitral valve recon- 
struction. Fifteen children had stenosis, some 
with insufficiency, and anomalies of the chordae 
or papillary muscles; 12 valves could be re- 
paired. In this group, 3 hammock valves were 
repaired by resection and separation of papillary 
muscles, resection of abnormal chordae, com- 
missurotomy, and ring annuloplasty (Fig 3, top). 
Two parachute valves were reconstructed by di- 
vision of the fused papillary muscle, fenestra- 
tion of chordae, and, in 1, ring annuloplasty (Fig 
3, bottom). 

This combined effort produced admirable re- 
sults, with only 3 hospital and 2 late deaths 
among 38 patients who underwent valve recon- 
struction. Thirty-one of 35 late survivors were 
classified as exhibiting excellent functional re- 
sults. Almost certainly, this represents an ad- 
vance over previous efforts to excise mitral 
valves in infants and small children and replace 
them with prostheses only to have the pros- 
theses outgrown or rendered functionless by 
thrombosis. 


Congenital Aortic Valve Disease 


Congenital valvular aortic stenosis is a relatively 
common problem in which gratifying surgical 
results are usually obtained. The recently re- 
ported series from Children's Hospital in Boston 
includes 140 patients [4]. Among 24 infants of 
less than 1 year of age, primitive anatomy (i.e., 
undefined commissures) was the rule. Most of 
these infants were in severe congestive heart 
failure at the time of operation, and only 16 sur- 
vived, 4 of whom later required reoperation for 
residual stenosis or insufficiency. In contrast, of 
116 older patients, 106 were late survivors. Sixty 
patients showed no evidence of aortic insuf- 
ficiency postoperatively; 46 had insufficiency of 
varying severity. Only 10 of the 106 survivors 
had required reoperation (3 for valvotomy and 7 
for valve replacement) at the time of the report, 








Fig 3. Repair of congenital mitral valve 
anomalies. (Top) Hammock mitral valve was 
treated by resection of abnormal chordae and 
papillary muscles, commissurotomy, and ring 
annuloplasty. (Bottom) Parachute mitral valve 
was treated by division of the papillary muscle 
and fenestration of chordae. 


but the authors predicted that valve replacement 
would later be necessary in many of them owing 
to calcification or progressive regurgitation. 
The proper technique of aortic commis- 
surotomy is illustrated in Figure 4. The use of 
scissors is to be condemned because the blades 
may slip off the fused commissures onto the 
valve tissue, cutting the leaflet and producing 
insufficiency of the valve. A rule which we have 
adopted is that the commissurotomy should be 
performed with regard to the height of the com- 
missure. If the commissure is normally high and 
the sinus of Valsalva normally deep, the com- 
missure may be opened to the annulus. At the 
other extreme, if there is no height to the com- 
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Fig 4. Aortic commissurotomy. Each valve 
leaflet is supported, and a fine knife is used to 
open the commissure by incision direcily in the 
midline of the fusion. . 


missure and no sinus development, the com- 
missure should not be opened. Guided by this 
principle, we have provided satisfactory relief of 
stenosis without producing aortic insufficiency. 

Congenital aortic insufficiency is an uncom- 
mon problem, but it does occur in association 
with certain ventricular septal defects [37]. Rec- 
ommendations for management of the problem 
have varied from direct suture of the ventricular 
septal defect and prosthetic valve replacement 
[46] to patch closure of the ventricular septal 
defect only, with hopes for regression or non- 
progression of valve insufficiency [48]. It is now 
recognized that insufficiency associated with 
supracristal ventricular septal defects generally 
results from simple prolapse of the right coro- 
nary cusp, whereas those defects below the 
crista are probably not ordinary membranous 
defects but represent separation of the aorta 


from the heart, leaving the annulus of the valve 
unsupported [49]. 

Some years ago we and others reported tech- 
niques for management of this condition [47]. 
The first important feature of this repair is that 
the prolapsed right cusp can be repaired by shor- 
tening the free edges of the cusp until they match 
the adjacent free edges of the posterior and left 
cusps (Fig 5). Second, even though the ventricu- 
lar septal defect is small, it should be repaired 
with a rigid patch that will provide support for 
the aortic annulus. It is our strong opinion that 
those valves which have a leaflet elongated by 
herniation through a ventricular septal defect 
should never be excised without first attempting 
a reconstructive procedure. Of 11 patients 
treated by this method at three centers, good 
long-term results were achieved in 8, and 3 re- 
maining patients were improved but had re- 
sidual or recurrent insufficiency [47]. 


Atrioventricular Canal 


The partial form of atrioventricular canal cur- 
rently can be repaired with low mortality, and 
actuarial analysis reveals excellent long-term 
survival after operation [31]. Careful suture ap- 
proximation of the cleft portions of the mitral 
leaflet is important to successful repair in most 
instances [9, 31], although the leaflet deformity 
and the degree of associated incompetence are 
variable. Rarely, suture of the mitral cleft may be 
omitted in a patient with unfavorable leaflet 
anatomy and no valve incompetence. If after at- 
tempted reconstruction severe regurgitation due 
to leaflet deficiency or deformity persists, valve 
replacement is indicated. 

Based on their postmortem studies, Rastelli 
and associates [41] proposed an operation which 
revolutionized valve reconstruction in complete 
atrioventricular canal defects. After careful divi- 
sion of common anterior and posterior leaflets 
into mitral and tricuspid components, a prosthe- 
tic patch is sutured to the right side of the inter- 
ventricular septum. The valve leaflets are then 
sutured to the patch at a level corresponding to 
the plane of the normal mitral annulus. Prior to 
bypass the appropriate level for leaflet attach- 
ment may be assessed by palpation of the sys- 
tolic excursion of the common leaflets relative to 
the margin of the atrial septal defect [34]. Clefts 
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Fig 5. Plication of the redundant right aortic cusp 
associated with ventricular septal defect. A suture 
through the corpora arantii allows estimation of 
proper length for the free edges of the cusp. A 
longitudinal plicating suture draws up the excess to 
the commissural margin. 


in the resuspended leaflets are repaired, and the 
atrial septal defect is closed with the remainder 
of the patch. Using this technique exclusively, 
the Mayo Clinic group repaired defects in 27 
patients with only 2 deaths [32]. Successful re- 
pair of all three forms [41] of the complete canal 
defect have been reported [32, 39], and recent 
series total 20 patients with no mortality [21a, 
34]. Prosthetic mitral valve replacement may oc- 
casionally be necessary for severe regurgitation 
evident at the initial operation or following at- 
tempted reconstruction [14]. 


Acquired Tricuspid Valve Disease 


For about fifteen years a controversy has raged 
over whether acquired tricuspid insufficiency is 
best managed by annuloplasty or by prosthetic 
replacement. In patients with functional insuf- 
ficiency the recommendation has been made 
that the valve be left alone to recover after correc- 
tion of the mitral valve disorder [10], but others 
have been unable to confirm that recovery usu- 
ally occurs [40]. 

This controversy arises in large part from the 
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variability in results obtained with the classic 
Wooler annuloplasty [16]. Current modifications 
of this technique achieve reduction of the an- 
nulus by eliminating that portion which sup- 
ports the posterior tricuspid leaflet (Fig 6). 

An entirely new concept for tricuspid an- 
nuloplasty was introduced several years ago by 
Carpentier and associates [13], who pointed out 
that the portion of the annulus supported by free 
ventricular wall participates in annular dilata- 
tion to a far greater degree than the portion of the 
annulus supported by the interventricular sep- 
tum. They argued therefore that by measuring 
this latter portion of the annular circumference, 
the proper dimensions of the valve orifice could 
be calculated. The abnormal annulus could be 
made to conform to a nondeformable prosthetic 
ring of these dimensions, and insufficiency of 
the leaflets could thereby be eliminated (Fig 7). 
A short time later a modification of this tech- 
nique was proposed by DeVega [17], who used a 
double plicating suture to shorten that portion of 
the annular circumference supported by free 
ventricular wall (Fig 8). 

Good results of tricuspid annuloplasty using 
modifications of the Wooler technique in 
selected patients have recently been reported by 
Boyd and associates [8], Kay and associates [22], 
and Danielson* (Table). 


*Danielson GK: Personal communication, 1976. 
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Fig 6. Tricuspid annuloplasty by elimination of 
that portion of the annulus which supports the 
posterior leaflet. Techniques of (A) Boyd et al 
[8], (B) Kay et al [22], and (C) GK Danielson 
(personal communication, 1977) are 
illustrated. (a — anterior leaflet of tricuspid 
valve; p — posterior leaflet of tricuspid valve.) 


In 1975 Grondin and associates [20] reported a 
comparative study of the annuloplasties of De- 
Vega and of Carpentier and associates in un- 
selected patients treated at two different centers. 
Forty-nine patients had repair by the method of 
Carpentier and associates with 6 operative 
deaths; 28 patients had DeVega annuloplasties 
with 5 operative deaths. Most important, 32 pa- 
tients of the first group and 17 patients of the 
second group underwent right ventriculography 
more than six months after operation, and only 3 
had more than minimal tricuspid insufficiency. 
Grondin and associates, pleased with the results 
of both techniques in this unselected series, sub- 
titled their paper "The End of the Tricuspid 
Challenge." | 


Prosthetic replacement of the tricuspid valve 
may be the most appropriate management for 
patients with regurgitation and organic changes 
of the valve and for patients with mixed insuf- 
ficiency and stenosis. 


Acquired Mitral Valve Disease 


In contrast to the success of tricuspid annulo- 
plasty, reconstructive techniques have provided | 
less satisfactory results in the management of 
acquired mitral insufficiency, perhaps because 
in the high-pressure systemic circulation even 
small degrees of valvular insufficiency permit 
large regurgitar.t volumes. Nonetheless, in 
selected patients with pure or predominant in- 
sufficiency of the mitral valve, good results have 
been reported from two centers using 
modifications of the Wooler annuloplasty [23, 
33]. Additionally, Reed [42] has had good results 
with mitral annuloplasty in selected patients, 
particularly chi.dren. Postoperative hemody- 
namic data on the patients in these three series 
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Tricuspid Annuloplasty in Selected Patients 


No. of 
Series Patients 
Boyd et al [8] 78 
Kay et al [22] 96 
Danielson (personal 62 


communication, 1976) 


Deaths 
Recurrent 
Early Late Insufficiency 
11 13 9" 
20 20 9 
5 


“Due to residual pulmonary hypertension and/or mitral disease. 


are scanty. Kay and associates [24] have demon- 
strated that annuloplasty combined with coro- 
nary bypass procedures yields good results in 
the management of mitral insufficiency due to 
papillary muscle dysfunction in ischemic heart 
disease. 

The most successful effort to adapt reconstruc- 
tive techniques to mitral valve insufficiency is in 
the management of mitral valve disruption from 
rupture of the chordae tendineae. In 1960 Mc- 
Goon [30] proposed plication of the unsup- 
ported portion of the leaflet, and excellent long- 
term results with this technique have been 
documented by Selzer and associates [44] and 
Brown and co-workers [11]. It must be pointed 
out that this operation is less satisfactory when 
chordal or papillary muscle disruption has ren- 
dered the anterior mitral leaflet unsupported. In 
such patients, valve replacement is preferred 
[11, 51]. 

The oldest and most widely employed recon- 
structive valve operation, of course, is the com- 
missurotomy performed for acquired mitral 
stenosis. It may be stated that a closed mitral 
commissurotomy performed with the aid of a 
transventricular dilator is indeed a near-perfect 
operation, provided there is no insufficiency of 
the valve, no atrial thrombus, no calcification of 
the valve, and no chordal fusion or shortening. 
Such mitral disease has become increasingly 
rare. 

Open or direct-vision commissurotomy has 
been recommended and widely employed [1, 19, 
36, 43]. Technique has advanced from commis- 
sural incision to include separation of fused 
chordae and debridement of calcium [36, 43]. 
Aaron and Lower [1] have recommended a tech- 
nique of producing multiple orifices in the mi- 


tral valve to prevent insufficiency. Not long ago, 
Olinger and associates [38] recommended that 
closed commissurotomy is still a suitable opera- 
tion for calcific mitral stenosis. There can be no 
doubt that it is possible to perform a commis- 
surotomy in a rigid mitral valve with severe 
subvalvular chordal disease. The question is 
how much of an increase in diastolic flow can be 
achieved by converting a small central orifice 
into a rigid slit. The reports of open mitral com- 
missurotomy, finger fracture of calcified valves, 
and creation of multiple orifices have rarely been 
accompanied by postoperative hemodynamic 
studies to document a satisfactory improvement 
in valve function. 


Acquired Aortic Valve Disease 


Least success of all has been obtained with the 
management of acquired aortic valve disease by 
reconstructive techniques. The original pro- 
posal of Muller and associates [35] to convert an 
insufficient tricuspid aortic valve into a bicuspid 
one has proved a difficult and inadequate tech- 
nique. Debridement for calcific stenosis, aortic 
commissurotomy, annuloplasty, and prosthetic 
leaflet replacement have similarly proved in- 
adequate. With rare exception, acquired disease 
of the aortic valve is best managed by prosthetic 
replacement. 


Conclusion 


This review briefly highlights an enormous ef- 
fort by many surgeons. Success in reconstructive 
valve surgery has admittedly been spotty. 
Achievements, however, have been such that 
the continuing search for new and appropriate 
reconstructive techniques must not be aban- 
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doned in favor of the search for an improved 
valve substitute. 
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CORRESPONDENCE 


Cardiac Sympathectomy for Angina Pectoris 


To the Editor: 

Clio, itis said, likes to repeat herself, which is odd for 
a daughter of Mnemosyne. Perhaps with better ex- 
cuses than his half-blooded aunt, orphaned Asklepios 
sometimes also seems to come full circle. 

One has to agree with C. M. Grondin and R. Limet 
that "sympathetic cardiac denervation is not new" 
[14]. Indeed it harks much further back than G. Ar- 
nulf's purely experimental work published in 1939 [2]. 
For it was C. E. Frangois-Franck, a very productive 
Parisian protessor of physiology, who first suggested 
such an approach, en passant, in a communication 
before the French Academy of Medicine on May 23, 
1899 [11]. The idea, however, was to lie fallow until 
April 2, 1916, when T. Jonnesco of Bucharest per- 
formed a left cervicothoracic sympathectomy for re- 
current severe attacks of angina pectoris on a 38- 
year-old Court clerk and choir singer, heavy drinker 
and smoker, with evidence of syphilitic aortitis. Relief 
was immediate and complete, and still obtained four 
years later [15]. 

Somewhat haltingly at first, then with growing as- 
surance, Jonnesco's lead was eventually followed and 
various modalities of cardiac sympathetic denerva- 
tion carried out by P. K. Brown and W. B. Coffey in 
San Francisco [3], A. W. Adson at the Mayo Clinic [1], 
D. Daniélopolu in Bucharest [6], R. Leriche and R. 
Fontaine in Strasbourg [17, 18], M. Fauteux in 
Montreal [10], as well as others [5]. Results were, at 
best, uneven, and most unfortunately, largely unpre- 
dictable. This, coupled with the unsettled physiologi- 
cal basis of the operation, led to its abandonment. 

Of course, patients had been selected without ben- 
efit of coronary arteriography. And since 5 to 1096 of 
subjects with angina pectoris have anatomically nor- 
mal coronary arteries—a possibility recognized by W. 
Heberden himself—some of them no doubt must have 
fallen into the presently well documented coronary 
artery spasm category [4, 9]. In point of fact, perusal of 
Jonnesco's original case reveals features compatible 
with Prinzmetal's variant angina [15]. 

Uncertainty as to the completeness of sympathetic 
disconnection is another serious difficulty. In this 
respect, the story of cardiac denervation for angina 
pectoris uncomfortably reminds one of the surgical 
attempts at relieving bronchospasm, ranging all the 
way from procaine blockage of the stellate ganglion to 
Meshalkin's ultimate bilateral replantation of the 
lungs [7]. And likewise, orthotopic cardiac autograft- 
ing, while technically feasible and physiologically tol- 
erable [16], carries a prohibitive operative mortality 
(2596) [4]. 

But since, on the one hand, the results of aor- 
tocoronary bypass in cases of Prinzmetal's variant 
angina have been poor [9, 12] (which is not too sur- 
prising if extensive coronary artery spasm is the char- 
acteristic feature of this form of angina), and, on the 


other hand, denervation of the heart—complete [8] 
or less so [13]—induces favorable changes in myocar- 
dial oxygen consumption and coronary blood flow, 
cardiac sympathectomy would seem to have a place in 
the treatment of patients with angina pectoris. 

Yet, before an acceptable form of surgical cardiac 
sympathetic denervation becomes established, it will 
have to be proved as the sole procedure in highly 
selected patients with angiographically demonstrated 
coronary artery spasm during pain and minimal or 
absent atherosclerotic stenotic lesions. Its effective- 
ness will also have to be compared to that of other 
related procedures, notably electrical stimulation of 
the carotid sinus nerves [19]. 

Then, itis to be hoped, cardiac sympathectomy will 
find its proper place in the treatment of angina pec- 
toris, neither Dodo nor Phoenix [20]. 


Serge J. Dos, M.D. 
Department of Surgery 
Health Sciences Center 

State University of New York 
Stony Brook, NY 11794 
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Clonidine Withdrawal 


To the Editor: 

The report by Drs. Brenner and Lieberman of difficul- 
ties with the clonidine withdrawal syndrome follow- 
ing open-heart surgery (Ann Thorac Surg 24:80, 1977) 
brings to mind a similar recent problem at Columbia 
Presbyterian Medical Center. Our patient was an 
obese 58-year-old woman who had been hypertensive 
since a nephrectomy for trauma at age 16. Her 
therapeutic regimen included furosemide, 40 mg 
every day, and clonidine, 0.1 mg twice daily. The 
patient was referred for severe angina pectoris 


associated with simultaneous attacks of dyspnea. 


Catheterization revealed triple-vessel coronary artery 
disease and normal function of the left ventricle. 


The patient was maintained on clonidine until the 
night before operation. She was not treated with 
propranolol preoperatively. At operation she showed 
marked swings in systolic blood pressure. Despite 
treatment with a nitroprusside drip, intravenous 
thorazine (total 20 mg), and intravenous propranolol 
(total 3 mg), systolic blood pressures as high as 240 
torr were recorded, alternating with hypotensive 
swings to the range of 60 torr. Clonidine therapy was 
not reinstituted at operation. The patient became 
hypotensive postoperatively and required dopamine 
therapy for 24 hours before continuing to a satisfac- 
tory recovery. 

While this patient may be atypical in certain re- 
spects, sheis cited to emphasize further the hazards of 
clonidine withdrawal during cardiac operations de- 
scribed by Brenner and Lieberman. She also illus- 
trates the refractory nature of the hypertensive crisis 
that may be encountered. Our colleagues should be 
sensitized to this new surgical hazard. 


Henry M. Spotnitz, M.D. 
Department of Surgery 

Columbia University 

College of Physicians and Surgeons 
New York, NY 10032 


Bubble Formation in Flush Systems 


To the Editor: 

The article by Gardner, Bond, and Clark on 
continuous-flush systems (Ann Thorac Surg 23:534, 
1977) gives excellent scientific justification for the pre- 
cautions to be taken against bubble formation. Our 
observation of bubble formation in a clinical setting 
indicates, however, that more weight should be given 
to supersaturation of the flush solution as a source of 
bubbles. 

Following open-heart operations, our patients are 
often monitored with a left atrial line and a radial 
artery line. Since even a small bag of flush solution 
would not be used up in a normal course of recovery, 
we use two solution administration sets with one bag 
of flush and a pressure cuff to provide pressurized 
flush to the two monitoring lines. As a precaution 
against air emboli in the left atrialline we do not allow 
any flushing of the line by the IntraFlo valve. The 
arterial line, on the other hand, is flushed with the 
IntraFlo release valve at regular intervals as blood 
samples are taken from it. 

Our experience has been that two types of bubble 
formation occur in such a system. Small bubbles may 
be observed in the lines that are flushed rapidly, while 
large bubbles form in the IntraFlo just distal to the 
valve. Evacuation of air in the flush bag seems to 
eliminate the latter bubble formation process, while 
the former continues to be seen. In no case do we 
evacuate the air from the drip chambers. 

Thus it appears that formation of small bubbles is 
due to fast flushing when air is present in the drip 
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chamber (viscous entrainment), while larger bubbles 
form because of sudden drop in pressure at the leak 
valve of the IntraFlo. Small bubbles in the line tend to 
migrate, as discussed by Gardner and colleagues, 
while large bubbles remain trapped in the IntraFlo 
and are difficult to remove, even by manual flushing 
at very high flows. 

A simple experiment confirmed our hypothesis. 
Two small flush bags, one with air evacuated from it, 
were put in the same pressure bag and maintained at 
300 mm Hg. Each was connected with a standard 
solution administration set to an IntraFlo valve and a 
connecting line. For long periods the system was 
allowed to sit while bubble formation was observed. 
Bubbles formed in the IntraFlo connected to the 
flush bag with air in it but did not form in the other 
line. Wethen flushed 20 cc each half hour from each of 


the lines; this did not materially affect the formation of 
large bubbles, but smaller bubbles began forming in 
the lines. 

We prefer to leave some air in the drip chamber of 
continuous-flush systems so that flow through the 
system can be observed. Under this constraint it is 
particularly important to remove air completely from 
the flush bags, since the presence of air can lead to 
formation of large enough bubbles to significantly 
dampen the observed waveform. 


Robert A. Harbort, Jr., M.S. 

Richard G. Dalgetty 

Bioengineering Department 

Crawford W. Long Memorial Hospital 
35 Linden Ave, NE 

Atlanta, GA 30308 
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and number in sequence. Cite in text by number within brackets. Double-check to ensure accuracy. 
Use Index Medicus style, giving complete publication data. Examples: 


Journal article: Grondin CM, Meere C, Castonguay YR, et al: Blood flow through aorta-to- 
coronary bypass grafts and early postoperative patency: a study of 100 patients. 
Ann Thorac Surg 12:574, 1971 
Book: Baum G: Textbook of Pulmonary Diseases. Second edition. Boston, Little, 
Brown, 1974 
Chapter in book: Nardi GL: The thorax, Surgery. Third edition. Edited by GL Nardi, GD Zuidema. 
Boston, Little, Brown, 1971, p 249 


Tables. Limit the number of tables, restrict them to material best presented in tabular form, and hold 
length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Illustration Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to the 
illustrations. Provide one legend for each illustration or grouped illustrations and number in se- 
quence. 


The Annals can consider only a limited number of illustrations per paper without special arrangement. 
Submit original artwork or unmounted original glossy prints (individual parts separate) in black and 
white. (Color may be used only by special arrangement and is subject to extra charges.) A line 
drawing that contains no shading or wash can be reproduced well from a glossy photograph. A line 
drawing with shading, however, can be best reproduced from the original drawing. Illustrative 
material must be of good quality, suitable for reproduction and for reduction as necessary to page 
size. Chest roentgenograms should be no smaller than 13 x 18 cm. Identify by number in sequence 
and by author's last name by writing lightly with soft pencil on the back. Indicate top of illustration. 
Accompany photographs of recognizable persons by a signed release from the subject. All 
illustrations should be submitted in duplicate. Do not use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value to an article will be considered for publication. Part of 
the reproduction and printing costs will be borne by The Annals; the author must be prepared to pay 
$350 for up to six finished illustrations that will fit on one side of a single page, and for any 
additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) from both author and publisher of the original. 


Reprints should be ordered before publication on the form supplied the author with proofs. Reprints 
ordered after the press run has been completed will be provided at increased cost. 


CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7173 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 


Cardiovascular and thoracic surgeon, 39, ABS and ABTS 
certification, seeks position. Well-trained in all aspects of 
surgery, research, and publication. Presently medical school 
faculty. Available any time either for private or academic 
practice. 


Please respond to W-56, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic and vascular surgeon, 37, university-trained, 
ABS certified, ABTS eligible, completing fellowship at Texas 
Heart Institute, Houston, seeks group association or part- 
nership in South or Southwest, preferably Arizona, New 
Mexico, or Texas. 


Please respond to W-76, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Board-certified cardiovascular and thoracic surgeon, com- 
pleting military obligation at cardiac center, desires position 
in thoracic and cardiovascular surgery. No geographic pref- 
erence. 


Please respond to W-77, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 39, ABS, ABTS cer- 
tified, FACS, FRCS(Eng), FRACS, seeks position with 
thoracic surgery group doing adult cardiac and lung sur- 
gery. Available in 6 to 12 months, due to overseas commit- 
ment. California license and FLEX. 


Please respond to Dr. Donald Wilson, Department of 
Thoracic Surgery, City of Hope National Medical Center, 
1500 E Duarte Rd, Duarte, CA 91010. 





Cardiovascular and thoracic surgeon, ABTS training re- 
quirements completed in cardiovascular and thoracic 
surgery, currently undergoing additional training in pediat- 
ric cardiac surgery. Available January, 1978; no geographic 
preference. 


Please respond to John B. Overton, M.D., Children's Hospi- 


tal Medical Center, 300 Longwood Ave, Boston, MA 02115; 
tel: (617) 734-6000. 


A-48 


Thoracic, cardiovascular, and general surgeon, 33, ABS cer- 
tified, Cleveland Clinic trained, Board eligible in thoracic 
and cardiovascular surgery, desires group or hospital prac- 
tice. Available immediately. 


Please respond to W-80, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 38, ABS certified, 
ABTS candidate, seeks position in solo, group, or association 
leading to partnership. University trained, FLEX. 


Please respond to Che-Lu Tseng, M.D., 620 E 13th St, 
Winamac, IN 46996; tel: (219) 946-6565 (home), (219) 946- 
6450 (office). 


Cardiovascular surgeon, 37, ABTS certified, just completing 
year of cardiovascular surgery fellowship, seeks position in 
cardiovascular surgery group leading to partnership. No geo- 
graphic preference, available immediately. 


Please respond to W-82, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, university-trained 
with experience in adult and pediatric cardiac and general 
thoracic surgery, would like to join another cardiothoracic 
surgeon or group. Board-certified in general surgery. Avail- 
able July 1978. 


Please respond to W-83, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 37, university trained, previous 
teaching experience, 23 publications, seeks association with 
group or academic position. Prefer Northwest but will con- 
sider other locations. Available July 1978. 


Please respond to Michael C. Sinclair, M.D., 11 Mountain 
Rd, Lexington, MA 02173. 


Cardiothoracic surgeon, ABS certified, candidate ABTS, 
university training completed June 1977, FLEX, seeks posi- 
tion in cardiothoracic surgery. 


Please respond to W-85, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Surgeon, 36, ABS and ABTS certified, seeks group 
association/partnership, East or Midwest. 


Please respond to W-86, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, Board certified, seek- 
ing to relocate. One and one-half years experience in private 
practice. Available immediately. 


Please respond to W-87, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 33, married, 
university-trained, no military obligations, seeks position in 
cardiac-thoracic-vascular surgery. Established group or new 
practice, local flexible, academic affiliation preferred. Avail- 
able July 1978. 


Please respond to W-88, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 32, university trained, 
FLEX, passed Part I ABS, ABTS eligible, seeks group prac- 
tice. Prefer eastern US; available July, 1978. 


Please respond to W-89, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 37, married, univer- 
sity trained, ABS and ABTS certified, seeks association with 
group or surgeon actively doing cardiac surgery. Com- 
prehensive adult and pediatric cardiac, thoracic, and vascu- 
lar surgical experience. Location flexible. 


Please respond to W-90, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic surgeon, 35, double Board certification, university 
trained, seeks relocation in private or academic practice. 
Experience in active adult and pediatric cardiac surgery unit, 
including general thoracic and vascular surgery, productive 
research, and clinical work. All locations considered. 


Please respond to W-91, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 38, married, seeks po- 
sition with group or association leading to partnership. 
Training in cardiac, thoracic, and vascular surgery. Complet- 
ing residency in accredited program July, 1978. 


Please respond to W-92, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 38, Board-certified 
ABS, ABTS, university trained, seeks position in private 
practice, preferably with teaching responsibility. Broad ex- 
perience in cardiac and general thoracic surgery. Currently 
Director of Cardiac Surgery in teaching hospital in North- 
east. 


Please respond to W-93, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 36, university trained 
in all aspects of cardiovascular and thoracic surgery, com- 
pleting additional fellowship in cardiovascular surgery, 
seeks position in group or association leading to partner- 
ship. Special interest in adult cardiac and peripheral vascular 
surgery. Available July, 1978. No geographic preference. 


Please respond to W-94, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 34, university trained, with ex- 
perience in all phases of adult and pediatric cardiac and 
thoracic surgery, seeking to relocate. ABS certified, presently 
in private practice. Available immediately. 


Please respond to W-95, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 


Cardiovascular and thoracic surgeon wanted to join group in 
South Florida. Must be experienced in all facets of cardiac 
surgery, including internal mammary grafts. 


Please respond to A-46, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


A-49 





ABTS-certified surgeon wanted to join two-man group in 
large Midwestern city. Practice limited to adult cardiac, 
thoracic, and peripheral vascular surgery in large private 
hospital with university appointment. 


Please respond to A-47, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, Board-certified or 
Board-eligible, wanted to join cardiovascular and general 
surgeons in private surgical group practice. Busy, estab- 
lished cardiac program in excellent Wisconsin location. 


Please send curriculum vitae to A-48, The Annals of 
Thoracic Surgery, C-7173 University Hospital, Ann 
Arbor, MI 48109. 





Home, office, and well-established practice in fast-growing 
city in northern Virginia, located 5 minutes from hospital 
and 45 minutes from District of Columbia. Available im- 
mediately due to death of thoracic and cardiovascular sur- 
geon. 


Please contact Mrs. Thelma H. Jamison, Exec., 9009 Sudley 
Rd, Manassas, VA 22110; tel: (703) 368-5018. 





Thoracic and vascular surgeon, Board-eligible or certified, 
wanted by group in southeast Florida. Practice limited to 
general thoracic and major arterial vascular surgery. 


Please respond to A-50, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





One-year thoracic and cardiovascular fellowship, July 1, 
1978, University of Texas affiliation. Opportunity to polish 
cardiac and thoracic surgical skills with additional clinical 
and academic experience while studying for Boards or 
searching for permanent position. Prefer applicants eligible 
for ABTS Boards. Stipend plus benefits, travel, dependent 
upon experience. 


Please respond to A-51, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Fellowship in Pediatric Cardiovascular Surgery. University 
medical center. Applicants must be candidates for certifica- 
tion in thoracic surgery. 


Please respond to A-52, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Academic position in northeastern university center avail- 
able for young cardiothoracic surgeon with clinical compe- 
tence and strong research interests. 


Please respond to A-53, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Board-certified thoracic surgeon with primary interest in 
pulmonary problems wanted. Opportunity for academic 
career and for development of University of California, 
Davis-affiliated thoracic surgery service at Martinez Vet- 
erans Administration Hospital, located 30 miles from San 
Francisco. 


Send curriculum vitae to Charles F. Frey, M.D., Chief of 
Surgery, Veterans Administration Hospital, 150 Muir Rd, | 
Martinez, CA 94553. 





Mature, experienced cardiac surgeon wanted to augment 
two-man cardiovascular surgery group. Private corporate 
practice, ideal community on Florida west coast. Immediate 
opportunity. 


Please respond to A-55, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Now, automated 
cardiac output for 


open-heart patients 


...With IL’s 2-French 
transthoracic catheter and 
proven C.O. measuring system. 






platinum band 1 age 
! | bi aN teflon construction 


To help you improve the fluid and 
drug therapy of a wider variety of 
patients, including premature infants, IL has 
added a 2-French Open-Heart Transthoracic 
Catheter to its automated cardiac output system. 
The new catheter facilitates pushbutton deter- 
mination of C.O. (with thermodilution injection 
made through a separate CVP line) and pulmonary 
artery temperature. It is: 
— Reusable up to 5 times, with teflon construction 
and closed distal tip. 
— Highly visible, fluoroscopically, with platinum 
band. 
— Furnished with introducer, to simplify insertion. 
Removable non-surgically. 


No matter which IL catheter you use, the IL601 
C.O. measuring system provides high accuracy and 
easy operation; requires no rectal temperatures; 
utilizes room temp. or iced injectate. This complete 
system includes: Computer/Recorder (601/602); 
Automatic Injector (55651); Iced Injectate Tray 
(26420); and 7F Adult (44166-05), 7F Animal/ 
Pediatric (44671-05), 5F Pediatric (44645-05) 
and 2F Open-Heart (44910-05) Catheters. 

For a demonstration, call toll-free (in U.S.): 
800-225-1481. Or write: Instrumentation 
Laboratory, Lexington, Mass. 02173. 


Q Instrumentation Laboratory Inc. 
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Two Stage Venous Return Catheter 
for draining both the right atrium 
and inferior vena cava during 
coronary by-pass procedures 


Surgeons will find it particularly useful 
for circumflex by-pass procedures where 
intra- operative manipulation of the heart can 
cause diminished blood return from the 
inferior vena cava. 

The catheter consists of flexible 51 French 
and 36 French plastic tubes connected by a 
plastic molded connector with slotted openings. 
The 36 French tube with slotted tip is inserted 
into the inferior vena cava while the 51 French 
tube is positioned for drainage out of the atrium. 
Location of the 36 French drainage tube in the 
inferior vena cava minimizes occlusion during 
by-pass procedures. 

The catheter has marking rings for measur- 
ing depth of insertion. The obturator is used to 
prevent blood loss during insertion. 

Send a copy of this ad with your name 
and address for additional information. 
Always refer to the product insert sheet for 
complete information including warnings 
and precautions. 


arns 


6200 JACKSON ROAD 
ANN ARBOR, MICHIGAN 48103 































space Age Microbicidal Power 


For optimal preoperative skin degerming —BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts...promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis—BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by acast. 


To help maintain postoperative antisepsis — Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT, COURTESY OF THE NATIONAL. AERONAUTICS AND SPACE ADMINISTRATION, 


Purdue Frederick 


SCOPYRIGHT 1974, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 
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Walle $ UUIVE VOU a SINUI DICLE Ila 
xchanger coil that eliminated the possibility of water- 
0-blood leaks: We are pleased to announce another first: 
he Shiley 100A with anodized aluminum heat exchanger. 
avorable clinical evaluations have shown that our 
nodized coil heat exchanger consistently maintains 
patients in stages of hypothermia and normothermia 

ore efficiently than other alternatives. 


\nodized aluminum is a superior conductor of heat and is 

inly 20% as thick as the polyurethane coating. Both of 
ese changes combined, produce a significant improve- 
ent in heat exchanger efficiency. Shiley's 100A in-vitro 

tudies and clinical usage have exhibited as much as 

0% improved heat exchange efficiency for both cooling 
nd rewarming times. 


addition, these studies have shown excellent blood 
ompatibility and have indicated the anodized aluminum 
o be evẹn less thrombogenic than the plastic coating. 
he new anodized coil is pressure tested to 120 psi and 
ias a maximum water inlet pressure recommendation of 
O psi. 
he Shiley 100A oxygenator, like the S-100, continues to 
brovide the most consistent and efficient gas transfer. 
















The Leader in 
Thoracic Catheters 
Presents 


A New Measure 
of Safety in 
Chest Drainage 


A chest drainage system designed and 
manufactured with all the expertise and 
precision that make Argyle thoracic 
catheters Number One. Your patients 
deserve the increased protection of 
Argyle's built-in safeguards. Find out just 
how safe and simple chest drainage can 
be. Ask your Sherwood representative 
or write. 
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You see twice as niuch. Your diagnoses are twice as sure. 


The Olympus Bronchofiberscope has been given an ingenious new set of optics and a fiber bundle with 
double the number of fibers. And that means ultimate resolution. Translation: your views are larger, brighter 
and sharper. Olympus famous one-hand control, light-weight compactness and 260° tip angulation add 
patient comfort and easy insertion. See for yourself why most of the world’s bronchoscopists use Olympus. 
Write Olympus Corporation of America, Medical Instrument Division, 2 Nevada Drive, New Hyde Park, N.Y. 11040 
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After seven years and thousands of procedures, 

PROLENE suture continues to prove its clinically important 
qualities and characteristics} Monofilament smoothness, 
strength, pliability, knot sedurity and resistance to 
fatigue-induced fracture. PROLENE suture induces 
only a minimal tissue reaction and does not harbor bacteria. 
PROLENE suture retains í vivo tensile strength after 
prolonged implantation even in the presence of infection. 


EIHICON 





PROLENE* SUAM hb Nonabsorbable Surgical Suture WITH ATRALEASE* CONTROL RELEASE* Needle differs from U.S.?. only in needle attachment 


limits. INDICA 
None known. WARNINGS — ATRALE 


PROLENE EC Suture m be used wherever a nonabsorbable surgical suture is recommended. CONTRAINDICATIONS — 
E CONTROL RELEASE needle sutures should not be resterilized by steam autoclave as it may affect needle pull-off. 


PRECAUTIONS — As with other synthetic sutures, knot er A yw: E standard surgical technic of flat and square ties, with add:tional throws if indicated by 


ical circumstance and experience of the operator. ADVER 


NS — Transitory local inflammatory reactions have been reported. SUPPLIED — 
LEASE CONTROL RELEASE needle sutures are available in pigmented and clear sutures, sizes 2 thru 4/0. See package insert for full information. 


* Trademark ® ETHICON, INC. :976 
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iesus | a "heart 
pack can be no more reliable 
than its tubing. 


Since the first by-pass procedure, Tygon 
surgical tubing has been the most widely 
chosen and trusted tubing to serve as the 
vital link between patient and pump. 


Tygon tubing has earned world-wide recogni- 
tion forundeviating adherence to excellence. 
Our rigid manufacturing standards, strict 
quality control and extensive testing and 
documentation have made Tygon tubing 
synonymous with good surgical procedure. 





Tygon tubing...assurance worth asking for. 


The dependability and assurance that Tygon 
tubing brings to your extra-corporeal proce- 
dures is available whether you use custom- 
made packs or prepare your own. Ask your 
supplier to include it throughout your sys- 
tem. For further information, call us toll-free j 
800-321-9634 (Ohio call collect 216-633-3224). 
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Gathered here | stainless steel case 
for coronary ar- C» x (Y that keeps them 
terial surgery are: Og ( SS together and ready. 
The Codman: Let us send you 
family of five extra-delicate A coronary a detailed description of this instrumenta- 


scissors, including the circumflex; the gen- — tion and a 16-page monograph showing its 
tlest of bulldogs i in two lengths, andthese usein coronary artery bypass surgery. 
other key instruments — Garrett dilators, Codman, Randolph, 
heparin- "sca EST a pee gemini clamp, M ie 
and DeBakey-Diethrich to;ceps. Call toll tree: ( d 
And they're at hoz:ein an autoclavable 800-225-0462. O Man 


*Trademark © 1977Codman & Shurtleff, Inc. 


Change of pace... 


From CPI, 

the versatile 

new MICROLITH-P for 
precision programming 
of both pulse rate 

and width at the 

‘ouch of a button. 


?eople change. And because a pacemaker must become 
in Integral part of a human being, CPla designed the new 
UICROLITH«#-P. the only non-invasive programming system 
hat makes precise adjustment of both pulse rate and width 

i simple pushbutton operation. With the quartz-crystal- 
;ontrolled MICROLITH-P, you can adjust rate from 30 to 119 
pM in single pulse increments... width from 0.1 to 1.9 

ns in 0.1 ms increments (.05 ms can also be programmed). 
ts all done with a compact, digital programmer that's 

asier to use than a pocket calculator. It takes less than 2.5 
seconds. And a simple EKG reading lets you know 
mmediately that the program's been accepted. Fast, flexible. 
iccurate pace-changing at your office or the hospital. 


-ven the shape of the MICROLITH-P is new. Semi-elliptical. 
Vith more rounded surface on the external side to look 

ind feel more natural...to reduce risk of pocket complica- 
ons. With more flat surface on the internal side to minimize 
nigration and tissue erosion. Small. Thin. Lightweight. 
shape thats a natural to simplify implantation and assure 
jiatient comfort. 


ind theres more eSuperior moisture resistance thanks to 

| special new parylene coating used only by CPI for encapsulat- 
1g internal circuitry e Time-tested lithium power source and 
iybrid C-MOS circuitry e Predictable 2-step elective replacement 
me (ERT) indicator e Excellent electromagnetic interference 
EMI) rejection e Runaway protection e Multiple hermetic 

ealing e X-Ray identification e Demand mode with choice of 
nipolar and bipolar configurations e Compatibility with most 
ommonly used leads e A limited warranty for up to 6 years* 


\ICROLITH-P...another advanced CPI pacing system 

acked by 5 years of successful experience with lithium pulse 
enerators that continue to set industry standards for reliability. 
ind out more today by writing or calling CPI toll free. 
'00-328-9588. 


Warranty statement available upon request 





Cardiac Pacemakers, Inc 
4100 North Hamline Avenue 
P.O. Box 43079 

® St. Paul, Minnesota 55164, U.S.A 


Telephone: (612) 631-3000 
Cab!e. Cardiapace, St. Paul 
Telex: 29-7049 


© 1978 Cardiac Pacemakers, Inc 





On October 11, 1977, 2'’%-hosit 
Lesley Jane Nelson became 
youngest person ever to rect 
pacemaker implant. The páč 
the new CPI MICROLITH-P — or 
the smallest, most versatile p 
generators available. Because 
rate of the MICROLITH-P ca 
programmed non-invasively f 
119 ppm to successively sia 
rates in single-pulse increme 
Lesleys heart rate ean closely d 
cate the rate changes of a no 
chil during her early gro 
years. Lesley is shown here wit 
parents 3 months after imp 
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Incentive 
Deep-Breathing 
Exerciser 


The postoperative loss of spontaneous deep breaths (the 
sigh or yawn), can contribute to atelectasis, pneumonitis 
and hypoxemia — major respiratory complications of 
abdominal and thoracic surgery? 


Triflo Il provides a unique, lightweight monitoring system 
for slow S.M.1. When used as directed, Triflo I] supports 
‘...the most efficacious maneuver available for preventing 
and reversing alveolar collapse’? with minimal risk of 
‘...gross over-distention and possible rupture of patent 
alveoli during maximal hyperinflation”? 


Approximate measurement of patient progress can be 
made and recorded by charting volume inspired per 
second: light blue (600 cc/sec)*; medium blue 

(900 cc/sec)*; dark blue (1200 cc/sec)* 


The physician, therapist or patient can evaluate progress 
quickly and efficiently, at a glance. 


*Volume inspired/Time (sec.) 


Triflo Il is designed simply and attractively to enable 
patients, physicians and therapists to observe individual 
improvement through the use ot. E three chamber 
system. Lightweight, economical compact, easy to 
assemble, easy to use:. requires minimum instruction, 
ignoti in the Sais E 


Réferences: m - 

1. Latimer RG, Dickman M; ‘Day We; tale Ve Atil Kr patterns and B 
upper abdomin: il surgery determined by preoperative and postoper. 
Offieutcand bload;gas analisis. Am J Surg 122:622-632, 197 

E RH Gazzaniga-A ighty TR: Respirato 


palmenary compl fcásteds pom 


Wemers RR, Saklad M: Tyg etiology pathopi 


VE 239,197, ge 


__ Shesebroug, 
~ Hospital Products Dix 





Introducing the 
Datascope System 42. 
The first system 
specifically designed for 
pulsatile assist. 


E? 













‘ol very leng ago, we introduced the world's first clinical 
device to produce pulsation and counterpulsation from the 
ut of the roller pump without the need of an intra-aortic 
' surgery. We called the device the 


Since the PAD* was introduced, its clinical use has grown 
rapidly. So much so that we have now created a system 
specifically designed to power it: the Datascope System 42. 

The System 42 is compact, measuring only 17x 16x30 
inches. It fits right next to your heart-lung machine. And it is 
intended for operation by the perfusionist. You don't need an 
additional person in the Operating Room to run it. 

The System 42 is simple to operate. And we're happy to 
say it is substantially less expensive to purchase than a 
balloon pump. 

Up until now, you needed a Datascope balloon pump to 
take advantage of the Datascope PAD. With System 42, you 
can get all the clinical benefits of PAD" without a balloon 
pump. Or if you already own a Datascope balloon pump, 
you'll find that System 42 allows you to do pulsatile assist more 
economically and efficiently. 

For more information or a demonstration of the new 
Datascope System 42, write or call: Datascope Corp., Box 5G, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Datascope B. V., 
Kyftenbeltlaan 6, | 
Hoevelaken, Holland, 
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Tel. 03495-4514. 
Datascope = 
System a — - 
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CHARLES C THOMAS + PUBLISHER 


RESPIRATORY INTENSIVE CARE edited by Robert M. 
Rogers, Univ. of Oklahoma Health Sciences Center, Okla- 
homa City. (38 Contributors) The topics in this compen- 
dium were selected because they are especially problematic 
and require further and more lucid elaboration, which this 
book provides. Chapters are included on logistical and ad- 
ministrative considerations in establishing and maintaining 
a respiratory intensive care unit, acid-base balance, ventila- 
tory and nonventilatory therapeutic modalities, rehabilita- 
tion of the chronic obstructive pulmonary patient, 
fiberoptic bronchoscopy, and the management of the post- 
operative patient. '77, 448 pp., 138 il. (3 in color), 36 tables, 
$29.50 


DIABETES AND THE HEART edited by Samuel Zoner- 
aich, State Univ. of New York, Stony Brook. (27 Contribu- 
tors) Respected authorities from a number of clinical and 
experimental disciplines explore a wide range of topics re- 
lated to diabetes and the heart. Special attention is directed 
to small and large coronary artery disease, the pathogenesis 
of cardiomyopathies, noninvasive diagnostic techniques, 
and recent advances in treatment. Information is also pre- 
sented on the use of newer drugs, the importance of diet, the 
concomitant use of alcohol and insulin, polarizing treat- 
ment, and oral contraceptives. 78, 320 pp. (6 3/4 x 9 3/4), 
60 il., 37 tables, $27.50 


MECHANICAL ARTIFICIAL VENTILATION: A Manual 
for Students and Practitioners (3rd Ed.) by Terring W. 
Heironimus, III and Robert A. Bageant, both of Univ. of 
Virginia Medical Center, Charlottesville. This completely 
rewritten and greatly enlarged monograph reviews the 
physiology of respiration, diagnoses and characterizes the 
various forms of respiratory failure and their management, 
and discusses equipment. Material on pulmonary oxygen 
toxicity, pulmonary function testing, and resuscitation of 
terminally ill patients is included for the first time. 77, 560 
pp., 98 il., 10 tables, $24.50 


PERCUTANEOUS ANGIOGRAPHY by S. Swamy, 
Michael Reese Medical Center; Lewis Irwin Segal, Louis A. 
Weiss Memorial Hospital; and S. Mouli, Foster-McGaw 
Medical Center; all of Chicago. Numerous illustrations ex- 
plain in detail the basic angiographic techniques while the 
authors present solutions for many common technical prob- 
lems in angiography. One section details the programming 
of standard studies; another is composed of special recipes 
for the systematic study of common disease processes. The 
authors also provide in-depth information on angiographic 
patterns, which are classified according to pathology rather 
than anatomy, and their relation to gross histological archi- 
tecture. 77, 848 pp. (8 1/2 x 11), 1455 il, $80.00 


THE ADULT POSTOPERATIVE CHEST by Myron 
Melamed; Florencio A. Hipona, Harvard Medical School, 
Boston; Carlos J. Reynes, Loyola Univ., Maywood, Illinois; 
Walter t. Barker, Univ. of Illinois, Chicago; and Santiago 
Paredes. Sesion Univ. Scrool of Medicise, Boston. Fore- 
word by Hiram T. Langston. This study of adult pulmo- 
nary and cardiovascular radiography after surgery 
systematically assesses the extraneous factors imposed upon 
x-ray film by the surgical act. The book offers an atlas 
against which problem pictures can be compared for quick 
identification. Brief comments about behavior of the pleura, 
lung redistribution and pus, "ative function are in- 
cluded. '77, 396 b., 578 iè I table, $31.5. 
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Now, automated 
cardiac output for 


open-heart patients 


...with IL's 2-French 
transthoracic catheter and 
proven C.O. measuring system. 





platinum a. >. j 
| N teflon construction 


Uf 
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To help you improve the fluid and 
drug therapy of a wider variety of 
patients, including premature infants, IL has 
added a 2-French Open-Heart Transthoracic 
Catheter to its automated cardiac output system. 
The new catheter facilitates pushbutton deter- 
mination of C.O. (with thermodilution injection 
made through a separate CVP line) and pulmonary 
artery temperature. It is: 
— Reusable up to 5 times, with teflon construction 
and closed distal tip. 
— Scag visible, fluoroscopically, with platinum 
and. 
— Furnished with introducer, to simplify insertion. 
Removable non-surgically. 


No matter which IL catheter you use, the IL601 
C.O. measuring system provides high accuracy and 
easy operation; requires no rectal temperatures; 
utilizes room temp. or iced injectate. This complete 
system includes: Computer/Recorder (601/602); 
Automatic Injector (55651); Iced Injectate Trey 
(26420); and 7F Adult (44166-05), 7F Animal/ 
Pediatric (44671-05), 5F Pediatric (44645-05) 
and 2F Open-Heart (44910-05) Catheters. 

For a demonstration, call toll-free (in U.S.): 
800-225-1481. Or write: Instrumentation 
Laboratory, Lexington, Mass. 02173. 


Q instrumentation Laboratory Inc. 


Medtronic's New Pacemaker Gives You 
Simplicity, Safety and Eight 
Programmoable Rotes. 
————ÁÁ («d 
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SIMPLICITY. Doctor, the Xyrel"-VP system offers you sim- 
plicity in rate programming. All you have to do is tum a dial 
directly to the rate desired and push a button. Immediately, 
the rate you select becomes the pacemaker pacing rate. 

PROGRAMMABILITY. And when you use the Xyrel*-VP sys- 
tem, all you have to do is adjust rate. There's no need for 
you to make pulse width adjustment. Medtronic's patented 
Constant Energy circuit automatically programs pulse width 
to compensate for the declining voltage of the lithium 
power source. As voltage drops, pulse width increases, 
keeping energy available for stimulation nearly constant. 


SAFETY. The Xyrel* -VP pacemakersysiem has cui: -in safety 
features—such as an interlock switch on the rate conircller 
that prevents inadvertent programming of the 2G pom 
diagnostic rate. You also know the Xyrel®-VP pacemaker is 
safe for your patient because it has the safety features and 
quality c^ ^**^' *^^* hàye,nade `e" the world's most pre- 
scribed litmnium pacemaker. “re Xyier*-VP is the result of 
more than twenty-seven years of pacemaker design, re- 
search and manufacturing experience. It’s another leader 
from the company that has 3 wadition of 'eadershin i7 
pacing. 








USING THE 9600A CONTROLLER 
IS AS EASY AS 4, 2, 3 


1. Select the desired pacing rate by turning 
the “Rate” knob. 


2. Center the rate controller directly over the 
pulse generator and hold in place for three So 


secondi. 


3. Press and release the "Program Activate" 
Dutton. That's all there is to it! 






MEDTRONIC* 9600A 
RATE CONTROLLER 
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" i t Interlock switch on the Grease in pulse width provides relatively — 
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WITH THE XYREL' -VP SYSTEM 
YOU CAN PROGRAM RATE 
IN A VARIETY OF SITUATIONS 


IN THE STERILE PACKAGE. A special package 
allows you to program the pulse generator 
rate prior to implant, prior to entry into the 
sterile field, without having fo sterilize the 
programmer. 

IMMEDIATELY POST-OP. You can change rates 
easily and quickly immediately post-op and 
even during implantation. 

IN YOUR PATIENTS ROOM OR YOUR OFFICE. 






























UNIQUE RATE SELECTION 


Seven pacing rates are available, as 

well as a unique diagnostic rate that allc 
you to determine your patients underlyin 
intrinsic rhythm. 


O Lithium. Xyrel^-VP offers an advanced CLINICAL APPLICATIONS OF R 
battery, custom designed by Medtronics GRAMMABILITY. All of ihe indi- ~tic 
own EnerTec" lithium power source manu- tricular demand pacing c ` 
facturing facility. uct. Rate programming m 

| O Fine-Tuned Sensing. The Xyrel^-VP cir- Particularly useful in a r 

eui offers sensitivity to a wide ran `of apolications. "ese incl 
R-waves providing efficient sensing 
capability to differentiate bet 
and myopotentials or mos’ 
of 60 Hz interference. 
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MEDTRONIC IMPLANTABLE PULSE GENERATORS 


INTENDED USES Ventricular pacing using an implantable ventricular pulse generator is for long-term therapeutic control of heart rate in patients with impulse formation or conduction 
disorders leading to bradyarrhythmias, tachyarrhythmias and heart block (see product labeling for detailed list of intended uses). 


CONTRAINDICATIONS There are no known contraindications to the use of pacing as a therapeutic modality for the control of heart rate. The patients age and medical condition, 
however, may dictate the particular pacing systems and implantation procedure used by the physician. 

WARNINGS Diathermy should not be used on patients with pacemakers because of possible heot damage to electronic components. Electrosurgical units should never be used in the 
vicinity of unipolar pulse generators or bipolar pulse generators implanted in the unipolar mode because of danger of introducing fibrillatory currents into the heart via the implanted 
pulse generator /lead. Pulse generators may be damaged by defibrillatory discharges if the paddles are placed over the implanted pulse generator. 

PRECAUTIONS The physiċčian should be aware that all pulse generators will ultimately cease to function, and may fail at any time due to random component or battery failures which 
cannot be predicted prior to failure. Also, that the pacing system may cease to function at any time due to lead-related problems such as displacement, fracture, fibrotic tissue formation, 
and elevated thresholds. and that proper operation may be affected by electrical interference from equipment using electrical energy. ör medical complications 


SIDE EFFECTS Body rejection phenomena, including local tissue reaction. muscle and nere stimulation, infection, erosion of pulse generator/lead through skin, transvenous lead- 
related thrombosis, emboiism and cardiac tamponade 


XYREL' -VP—PART OF A 
COMPLETE, VERSATILE SYSTEM 


The Xyrel*-VP pacemaker is available in both Prescribe the Xyrel"-VP from Medtronic. 
unipolar and bipolar models. The Model 9600A For more information contact your 
controller can program any of the Medtronic Medtronic representative or fill out and 
Xytron* or Xyrel* ventricular inhibited s mail the coupon below. 
rate adjustable pacemakers. Med- p 
tronic also offers you advanced 
endocardial and myocardial 
leads. Medtronic also is the 
leader in producing pacemaker 
support products, such as the 
TeleTrace" Telephone Monitoring 
System; the Pacing System Ana- 

Iyzer; and atrial and ventricular 
external pacemakers. 


- Mail To: Medtronic, Inc., 3055 Old Highway Eight, P.O. Box 1453, 
Minneapolis, MN 55440 USA 


pend further application and product information on the Xyrel"-VP system. 
e your representative contact me. 
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EDITORIAL 


Reflections on and Evolution in Thoracic Surgery 


Hassan Najafi, M.D.* 


Between 1928 and 1954, Dr. John Alexander, a 
distinguished pioneer thoracic surgeon, trained 
76 surgeons in the specialty, of whom 62 became 
certified by the American Board of Thoracic 
Surgery. The Board, however, was not estab- 
lished until 1948, only six years before the end of 
Dr. Alexander's directorship. Although limited 
by the relatively underdeveloped state of the 
surgical art, at least during the earlier years of his 
teaching career, Dr. Alexander was spared hav- 
ing to deal with the complexities of graduate 
medical education that we endure today. 


Bodies Governing or Influencing 


Medical Education 


In describing the current components of gradu- 
ate medical education, we begin with the Coor- 
dinating Council on Medical Education (CCME), 
composed of representatives from seven differ- 
ent sources: 


1. The Association of American Medical Col- 
leges (AAMC) 

2. The American Board of Medical Specialties 
(ABMS) 

3. The American Hospital Association (AHA) 

4. The American Medical Association (AMA) 

5. The Council of Medical Specialty Societies 
(CMSS) 

6. An appointee from the Department of Health, 
Education, and Welfare 

7. A member of the public elected by the 
CCME 


The function of this council, as its title implies, is 
to coordinate policies affecting all phases of med- 
ical education. There are three major committees 
through which the CCME carries out its respon- 
sibilities and expresses its viewpoints: (1) The 
Liaison Committee on Medical Education 
(LCME), which is the accrediting body for the 


"President, Thoracic Surgery Director's Association. 


From the Department of Cardiovascular-Thoracic Surgery, 
Rush-Presbyterian-St. Luke's Medical Center, 1753 W Con- 
gress Pkwy, Chicago, IL 60612 


medical schools; (2) The Liaison Committee on 
Continuing Medical Education (LCCME), which 
accredits continuing education programs for 
physicians (in my opinion, this will be the most 
rapidly growing new element in medicine in the 
coming years); and (3) The Liaison Committee on 
Graduate Medical Education (LCGME), which as 
its primary role, accredits residency training pro- 
grams. 

The LCGME, which is relatively new, oversees 
the activities of the 23 Residency Review Com- 
mittees, and actually makes final decisions based 
on the recommendations it receives from them. 
(The training programs, of course, form the basis 
for the chain of command that encompasses 
every imaginable agency concerned with the 
medical profession.) The Residency Review 
Committee for Thoracic Surgery (RRCTS), which 
was established in 1967, is composed of six repre- 
sentatives, two each from the American Board of 
Thoracic Surgery, the American College of Sur- 
geons, and the AMA Council on Medical Educa- 
tion. 

In addition to this long list of agencies, a mul- 
titude of other organizations have an impact on 
residency training because they directly or indi- 
rectly demand consideration of their views. The 
following have probably made the greatest im- 
pact: 


1. The public 

2. National study groups 

3. Governmental agencies 

4. Insurance carriers 

5. Managers of hospitals, medical schools, and 
universities 

6. Allied health organizations 

7. Licensing and testing agencies 


The public sector influences us either directly 
through its representatives on the CCME or the 
Liaison Committees, or indirectly through the 
news media, through legislative action, or by 
legal means in courts of law. From time to time, 
the national study groups such as the Millis [2], 
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the Coggeshall [1], and now the SOSSUS [3] 
committees have been instrumental in the 
modification of various aspects of residency 
training programs. 

An endless list of governmental agencies, both 
local and federal, such as the General Accounting 
Office, the Federal Trade Commission, the Office 
of Economic Opportunity, the Office of Immigra- 
tion, and the Department of Health, Education, 
and Welfare, are making their impact felt with 
alarming intensity and frequency. So have the 
private and federal insurance carriers, such as 
Medicare and Medicaid. Recently in several 
states the rate of payment for Medicaid fell be- 
low the level many hospitals could afford. Con- 
sequently, thoracic surgical clinics which cared 
for indigent patients and which offered ideal 
educational opportunities for training were dis- 
banded. 

Hospitals, medical schools, university admin- 
istrators, allied health organizations of nurses, of 
technologists, and of physicians' assistants, and 
licensing and testing agencies all have varying 
degrees of influence on graduate medical educa- 
tion and therefore on specialty training pro- 
grams. 


ABTS = American Board of Thoracic Surgery; ABS = 
American Board of Surgery; RRCTS = Residency Re- 
view Committee for Thoracic Surgery; CCCETS = Coor- 
dinating Committee for Continuing Education in 
Thoracic Surgery; ACS — American College of Surgeons; 
CV Committee = Cardiovascular Committee; AATS = 
American Association for Thoracic Surgery; STS = The 
Society of Thoracic Surgeons; ICVS = International 
Cardiovascular Society; SVS = Society for Vascular 
Surgery; ASA = American Surgical Association. 


ABTS 


Every director of a training program should be 
continually and fully aware of the policies of the 
organizations directly related to thoracic surgery 
(Figure), namely, the American Board of Thoracic 
Surgery, (to some extent) the American Board of 
Surgery, the Residency Review Committee for 
Thoracic Surgery, and the newly formed, very 
promising and energetic Coordinating Commit- 
tee for Continuing Education in Thoracic Surgery 
(CCCETS). This committee is sponsored by four 
parent organizations, the American Board of 
Thoracic Surgery, the American College of Sur- 
geons, the American Association for Thoracic 
Surgery, and The Society of Thoracic Surgeons. 
We should be very much interested in and cog- 
nizant of policies and procedures engendered by 
the governing councils of at least the American 
Association for Thoracic Surgery, The Society of 
Thoracic Surgeons, the International Cardiovas- 
cular Society, the Society for Vascular Surgery, 
the American Surgical Association, and the 
Thoracic Section and Cardiovascular Committee 
of the American College of Surgeons. 


Considerations in Thoracic 

Surgical Training 

While we should be keenly aware of the presence 
of all these elements, we have the responsibility 
to consider within our own institutions major 
issues inherently related to the training of resi- 
dents. These include the present demand for 
thoracic surgeons and, more importantly, a sen- 
sible projection and control mechanism for the 
country’s future manpower needs; the fate of 
foreign medical graduates; and the distribution 
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of thoracic surgical care. There are other equally 
important considerations: 


1. Interinstitutional educational opportunities 
for enhancement of training programs 

2. Interinstitutional service collaboration to re- 
duce the cost of medical care and education 

3. Continuing education programs 

4. Background requirements in basic general 
surgical principles 

5. A longer training period in thoracic surgery 
(is two years enough?) 

6. Thequestion of reducing or eliminating many 
of the training programs, such as congenital 
heart disease, esophageal surgery, and others 


Many of these issues fall within the purview of 
the Curriculum and Education Committee of the 
Thoracic Surgery Directors Association. The 
question has been raised whether our specialty 
should be divided officially into cardiac and 
thoracic areas. Although I would not support it, 
we cannot deny the fact that in actual practice 
this division does exist and therefore deserves a 
continuing and careful appraisal. 

Finally and most importantly, deliberate 
thought should be given to the recipients of our 
teaching, the thoracic residents. Many vital ques- 
tions arise concerning their workload, back- 
ground, previous training, operative experience 
and dexterity, finances, extracurricular activities, 
motivations, plans, and a very important factor, 
their opinions. How many times do we offer our 
trainees the opportunity to express themselves 
or participate substantially in matters more con- 
sequential in their lives than in our own? They 
may lack maturity and experience, but they may 
have some surprisingly refreshing ideas. After 
all, they will replace us in the near future. 

Although one can be totally overwhelmed by 
myriad productive and counterproductive forces 
evolving around us and feel burdened by the 
many problems yet to be resolved, unquestion- 
ably our goal should be the finest education 
through excellent delivery of thoracic surgical 
care. This can only be accomplished by the com- 


bination of three mechanisms: (1) Recruitment of 
outstanding trainees into our programs. It is in 
this area that we, as directors, should bear the 
greatest responsibility. (2) Upgrading of educa- 
tional resources. For this we can share the re- 
sponsibility with agencies such as the Residency 
Review Committee, the Board, the Coordinating 
Committee on Continuing Education in Thoracic 
Surgery, our national societies, and the Ameri- 
can College of Surgeons. (3) Strengthening the 
requirements for hospital privileges to assure the 
viability and continued growth of our specialty. 


Challenges for the Future 


Dramatic and rapid changes in graduate medical 
education are already upon us, and more will 
come. Directors of thoracic surgical programs 
and members of the Thoracic Surgery Directors 
Association are facing a challenge that must be 
met. Our past accomplishments will not suffice 
for future demands; we must be acutely cogni- 
zant of the future. The crucial ingredients for our 
success are involvement and participation. The 
association must become increasingly involved 
with the many organizations and issues that di- 
rectly and indirectly influence our specialty, in 
particular the training of thoracic surgeons. I 
wish to commend the American Board of Tho- 
racic Surgery for being the first crucial agency to 
have established a genuine line of communica- 
tion with the association by inviting its President 
to participate in ABTS business deliberations 
twice a year. I hope and expect that the officers 
of other related organizations will find it bene- 
ficial to establish similar lines of collaboration. 
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Bronchial Atresia 


Ronald L. Meng, M.D., Robert J. Jensik, M.D., L. Penfield Faber, M.D., 
Guy R. Matthew, M.D., and C. Frederick Kittle, M.D. 


ABSTRACT Bronchial atresia is a rare congenital 
anomaly usually producing an extrahilar mass and 
associated distal hyperinflation on chest roentgeno- 
gram. Bronchography reveals nonfilling of the atretic 
bronchus and displacement of neighboring normal 
bronchi. Characteristically, the patient is young and 
asymptomatic but has an abnormal chest roentgeno- 
gram. The only physical finding may be decreased 
breath sounds over the affected parenchyma. Treat- 
ment is surgical excision to prevent recurrent or per- 
sistent infection and encroachment on normal tissues 
by the hyperinflated lung. A case report and a review 
of 34 patients are presented. 


Bronchial atresia, a rare congenital anomaly, has 
been reported in 34 patients in the English litera- 
ture (2, 7-13, 15, 18-21, 23-25, 27-29] (Table 1). 
The increasing frequency of its diagnosis has 
been attributed to widespread use of routine 
chest radiography and increasing familiarity 
with the disease among radiologists and thoracic 
surgeons. This case report and review are in- 
tended to further familiarize physicians with 
bronchial atresia. 


Case Report 


A 19-year-old white man was refused induction 
into the Armed Services because of an abnormal 
chest roentgenogram. He had no pulmonary 
symptoms and had never undergone previous 
chest radiography. For four years he had smoked 
one pack of cigarettes per day. 

The only abnormal physical finding was de- 
creased breath sounds over the anterosuperior 
right chest. A static chest roentgenogram re- 
vealed a low and straightened right hemidia- 
phragm and a 4 x 3 cm lobular mass in the right 
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extrahilar area with associated peripheral hyper- 
lucency (Fig 1). Chest fluoroscopy showed right 
upper lobe air trapping without change in the 
mass during Muller or Valsalva maneuvers. 
Right hilar tomography revealed an irregularly 
shaped density with several short peripheral 
extensions. Pulmonary arteriography demon- 
strated decreased vascularity in the right upper 
lung and downward displacement of vessels in 
the right lower lung. A ventilation lung scan was 
normal, and perfusion lung scan showed de- 
creased perfusion of only the right upper lobe. 
Bronchoscopy revealed a normal-appearing 
right upper lobe bronchus with only two orifices. 
Bronchography showed nonvisualization of the 
anterior segmental bronchus with posterior dis- 
placement of the apical and posterior bronchi of 
the upper lobe and inferior displacement of the 
middle lobe (Fig 2). 

The patient underwent right upper lobe an- 
terior segmentectomy by means of axillary 
thoracotomy. The anterior segment of the right 
upper lobe was markedly emphysematous, non- 
compressible, and without anthracotic pigmen- 
tation. There was no demonstrable continuity 
between this segment and the right upper lobe 
bronchus. The remainder of the upper lobe and 
the middle lobe were mildly anthracotic and 
compressed. In the center of the hyperinflated 
segment was a 4 cm tense cyst containing thick, 
tenacious, ivory-colored mucus. The cyst ex- 
tended peripherally in fingerlike projections. 

Histological examination of the resected seg- 
ment revealed a cyst wall continuous in some 
areas with a high-order bronchus of normal ar- 
chitecture. The epithelium lining the cyst and the 
bronchus was normal respiratory mucosa com- 
posed of ciliated columnar cells and occasional 
goblet cells. The submucosa was of normal 
thickness in the bronchial wall, and mucous 
glands were present, but in the cyst wall there 
was little or no submucosa, no glands, and no 
supportive cartilage. Adjacent to and surround- 
ing the cyst were emphysematous alveoli and 
markedly dilated respiratory bronchioles. At var- 
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Table 1. Complete Clinical Data on 34 Patients 








Patient's Static Chest Roentgenogram 
Sex and Physical a 
Authors Age (yr) Symptoms Findings Location Lucency Mass Bronchogram* Treatment 
Ramsay, 1953 [19] F; Z7 None Unknown LLL Present Present None Segmentectomy 
Ramsay and Byron, F, 30 None Unknown LUL Present Present None Lobectomy 
1953 [20] 
Belsey, 1958 [2] M, 6 Chronic Decreased LUL Present Absent Nonvisualization Lobectomy 
cough breath 
sounds 
Culiner and Grimes, M, 25 None Unknown RUL Present Present Displacement None 
1961 [8] 
M, 41 None Unknown RUL Present Present Nonvisualization Lobectomy 
and displace- 
ment 
M, 15 Recurrent Unknown RUL Present Present Displacement Lobectomy 
pneumonia 
Simon and Reid, M, 19 Shortness Decreased LUL Present Present Nonvisualization Lobectomy 
1963 [21] of breath breath and displace- 
sounds ment 
E, 2 None Decreased LUL Present Present Nonvisualization Lobectomy 
breath and displace- 
sounds ment 
M, 18 Recurrent Decreased LUL Present Present Nonvisualization Lobectomy 
pneumonia breath and displace- 
sounds ment 
Culiner, 1964 [7] ?,8 None Unknown LUL Present Absent Displacement Lobectomy 
M, 6 Recurrent Unknown RLL Present Absent Displacement Lobectomy 
pneumonia 
Hillerdale and Nordland, M, 22 None Unknown LUL Present Present Displacement Lobectomy 
1965 [13] 
Waddell et al, M, 25 None Decreased LUL Present Present Not done Lobectomy 
1965 [27] breath 
sounds 
ET None Decreased LUL Present Present Not done None 
breath 
sounds 
Curry and Curry, M, 17 None Decreased LUL Present Present Not done Surgical 
1966 [9] breath 
sounds 
F, 31 None Decreased LUL Present Present Not done Surgical 
breath 
sounds 
Hanna et al, 1969 [12] M, 7 None Decreased RML Present Absent Nonvisualization Lobectomy 
breath 
sounds 
Talner et al, 1970 [23] P2 Chronic Decreased RLL Present Present Nonvisualization Lobectomy 
cough breath and displace- 
sounds ment 
F, 14 None Decreased LUL Present Present None Lobectomy 
breath 
sounds 
Vaghei, 1970 [25] M, 13 Shortness Decreased LUL Present Absent Nonvisualization Lobectomy 
of breath breath and displace- 
sounds ment 
M, 36 None Decreased LUL Present Present Not done Lobectomy 
breath 
sounds 
Genereux, 1971 [11] F, 7 None Unknown RUL Present Absent Nonvisualization Surgical 
F, 8 None Unknown LUL Present Present Nonvisualization Lobectomy 
and displace- 
ment 
F, 35 None Unknown RLL Present Present Nonvisualization Lobectomy 
M, 37 None Unknown LUL Present Present Nonvisualization None 
Lacquet et al, 1971 [15] M, 13 None Unknown LUL Present Absent Nonvisualization Lobectomy 
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Table 1 (Continued) 





eee 
Patient's Static Chest Roentgenogram 
Sex and Physical 


Authors Age (yr) Symptoms Findings Location Lucency Mass Bronchogram® Treatment 


————————————————————————————————————————————————— 





Wilson and Jones, F, 29 None Decreased LUL Present Present Nonvisualization Segmentectomy 
1972 [29] breath and displace- 
sounds ment 
Tsuji et al, 1973 [24] M, 9 Recurrent Decreased LUL Present Present Nonvisualization Lobectomy 
pneumonia breath and displacement 
sounds 
F, 14 None Decreased RUL Present Present Displacement Lobectomy 
breath 
sounds 
F, 21 None Decreased LUL Present Present Displacement Lobectomy 
breath 
sounds 
F, 30 None Decreased LUL Present Present Displacement Segmentectomy 
breath 
sounds 
Montague and Shaw, M, 19 None Decreased LUL Present Present None Segmentectomy 
1974 [18] breath 
sounds 
Williams et al, M, 14 Recurrent Decreased RUL Present Present Nonvisualization Lobectomy 
1974 [28] pneumonia breath and displace- 
sounds ment 
Demos and Teresi, F, 1/2 Recurrent Unknown LUL Present Absent Not done Lobectomy 
1975 [10] pneumonia 
Meng et al, 1978 M, 19 None Decreased RUL Present Present Nonvisualization Segmentectomy 


(present report) 


breath 
sounds 


and displace- 
ment 





*Nonvisualization = nonvisualization of affected bronchus: displacement = displacement of neighboring normal bronchi. 


LUL = left upper lobe, RLL = right lower lobe, RUL 


Fig 1. (A) Anteroposterior and (B) lateral static chest 


right upper lobe, RML = 


roentgenograms reveal a 4 x 3 cm irregular dense mass in 


the right superior extrahilar area with a corresponding 


peripheral hyperlucency. 


A 


wv 





right middle lobe, LLL = left lower lobe. 
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Fig 2. Right lung bronchogram reveals (A) caudally dis- 
placed middle lobe bronchus and (B) posteriorly displaced 
apical and posterior segmental bronchi with non- 
visualization of the anterior segmental bronchus. 


ious locations within the resected segment were 
foci of large empty spaces surrounded by his- 
tiocytes in thin fibrous tissue with giant cells, 
macrophages, and lymphocytes. These spaces 
represented lipoid-laden histiocytes (endoge- 
nous lipoid pneumonia) (Fig 3). 

Culture of the mucus within the cyst failed to 
produce any growth of microorganisms. 

Postoperatively, the patient recovered un- 
eventfully. 


Review 


Early reports of bronchial atresia were made by 
Ramsay [19] and Ramsay and Byron [20] in 1953. 
Their reports documented mucoceles caused by 
septa which interrupted bronchial continuity. 
Belsey [2] in 1958 reported a third case in a 
monograph on tension cysts, and Culiner [7], 
Culiner and Grimes [8], and Simon and Reid [21 | 





in the early 1960s reported 8 more cases. By this 
time the diagnostic criteria were clear and recog- 
nizable on the basis of static and dynamic plain 
chest radiography and bronchography. Surgical 
indications varied: excision only for treatment of 
atresia-related complications [8, 18] or excision in 
anticipation of those complications [15, 28]. In 
the subsequent decade, 23 more cases were re- 
ported, and the etiology and pathophysiology 
were clarified. 


Pathology 


The affected parenchyma in bronchial atresia is 
usually emphysematous, noncompressible, non- 
inflamed, and minimally anthracotic. Its size 
does not vary with respirations. Segmental in- 
volvement is most common, but subsegmental 
and even lobar atresias have been reported [11, 
12, 18]. No accessory bronchi or other anomalies 
have been consistently reported, but the arterial 
supply of the affected parenchyma, while normal 
in configuration, is often attenuated. 

At the root of the involved tissue is a mucus- 
filled cystic structure with fingerlike projections 
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Fig 3. Histology of the resected segment. (A) Cyst con- 
tinuity with normal bronchus. (B) The cyst wall is com- 
posed of normal epithelium and scant submucosa without 
glands or cartilage; emphysematous alveoli and dilated re- 
spiratory bronchioles surround the cyst itself. (C) Several 
foci of lipoid-laden histiocytes and thin, empty pointed 
spaces are indicative of endogenous lipoid pneumonia. 
(H&E; original magnification: A X60, B X100, C x400.) 


into the surrounding parenchyma. This cyst, 
which is isolated from the proximal bronchial 
tree, represents the proximal bronchus of the 
affected parenchyma and may be dilated with 
accumulated mucus. The distal bronchial pattern 
is usually normal. 

Microscopical examination reveals that while 
no lumen unites the cyst with the proximal bron- 
chus, rudimentary connections may be present, 
varying from complete absence of connecting tis- 
sues to thin, fibrous strands or membranes, to 
atretic but not cordlike bronchial vestiges. The 
architecture of the cyst wall is ectatic but not 
disarrayed as itis in dermoid cysts. The mucocele 
is lined by normal respiratory epithelium of 
ciliated cuboidal to columnar cells and plentiful 
goblet cells. The submucosa, however, is ab- 


~ 
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normally scant and free of mucous glands. Car- 
tilage has occasionally been identified within the 
cyst wall, but when itis present, its configuration 
is abnormal. Adjacent to the cyst wall are em- 
physematous alveoli which branch from mark- 
edly dilated respiratory bronchioles. These al- 
veoli and bronchioles are abnormally few in 
number and abnormally related to the higher 
order bronchus. Chronic inflammation has 
commonly been described, but our patient is the 
first to reveal lipoid pneumonia. 


Embryology 


The similarity of bronchial atresia to intestinal 
atresia led several investigators to consider vas- 
cular accident as the probable etiological agent, 
the work of Louw and Barnard in intestinal atre- 
sia [16] being used as a model. The most com- 
mon site of involvement is the left upper lobe (22 
cases, documented), as might be expected con- 
sidering the embryonic instability observed in 
that lobe by Boyden [3]. There have been 8 cases 
of right upper lobe involvement, 3 of right lower 
lobe involvement, and 1 each of left lower lobe 
and right middle lobe involvement. 

Normal pulmonary embryology entails sud- 
den bronchial bud ramification beginning during 
the fourth week of gestation [3]. Segmental 
bronchi are demonstrable at 5 weeks, subseg- 
mental bronchi at 6 weeks, and complete bron- 
chial ramification at 15 weeks of gestation. Al- 
veoli also normally develop between the fifth 
and fifteenth weeks, but at full term only a 
rudimentary number of alveoli are present. 
Normal postnatal ventilation is responsible for 
the increased number of alveoli in the adult. In 
the case of bronchial atresia the bronchial ramifi- 
cation distal to the mucocele is normal, but the 
alveoli and respiratory bronchioles are abnor- 
mally few for postnatal lung tissue, reminiscent 
of preventilated parenchyma. 

These considerations led Bucher and Reid [5] 
and Curry and Curry [9] to place the vascular 
insult after the fifteenth week, affecting a com- 
pleted normal bronchoalveolar system and leav- 
ing an atretic bronchus, normal distal bronchial 
tree, and hypoplastic alveoli. This conclusion, 
however, cannot explain those cases which man- 
ifest no vestigial connection across the atretic 
site. Spencer [22], Simon and Reid [21], and 


Williams and associates [28] placed the vascular 
insult after the fifth week, the result being 
abolished continuity but normal distal bud de- 
velopment. Since the atretic site manifests vary- 
ing degrees of vestigial remnants, it is reasonable 
that the vascular insult may occur at various 
times in bronchial bud development from its 
initial growth at 5 weeks to its completion at 15 
weeks of gestation. Dissociation of the terminal 
portion of the bronchial bud from the proximal 
conduit at any time during these 10 weeks could 
explain normal distal bronchoalveolar develop- 
ment and lack of ventilation-stimulated post- 
natal alveolar multiplication. 


Pathophysiology 

Following birth, there can be no direct aeration 
of the parenchyma served by the atretic bron- 
chus. However, collateral ventilation through 
the interalveolar pores of Kohn [14] and the 
interrespiratory bronchiolar pores [17] causes 
progressive inspiratory inflation. These pores 
have been shown to function between segments 
but not between lobes in man [1]. Lobar atresias 
resulting in emphysematous rather than atelec- 
tatic lobes are associated with lack of normal 
interlobar fissures [11] or functional interlobar 
alveolar conduits [12] to allow the necessary col- 
lateral ventilation. Expiratory deflation is pre- 
vented by means of check-valve mechanisms, 
and progressive hyperinflation thus results. 

The bronchi distal to an obstruction of any 
kind continue to secrete mucus from goblet cells 
and submucosal glands. This mucus, not remov- 
able by normal ciliary action, collects just distal to 
the obstruction and progressively dilates the dis- 
tal bronchus [26]. The degree of cystic dilatation 
depends on the rate of mucus production [9] and 
the amount and organization of cartilage [23]. 
The mucoceles may exhibit air-fluid levels, and 
those reported vary in size from 2 X 2cmto5 X 6 
cm. Infection arising in the mucocele results from 
bacterial contamination through the collateral 
ventilatory channels. 

Surfactant production may continue in the al- 
veoli. Degradation of the surfactant into lipoid 
components may result in the lipoid collections 
typical of endogenous lipoid pneumonia, which 
occurs distal to bronchial obstructioris [30]. 

The tendency toward progressive emphysema 
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can theoretically be altered by improper pressure 
gradients, mucus-filled alveoli, or inflammation, 
which would diminish collateral air drift and 
cause atelectasis. This condition has been pro- 
posed [26] but not observed in association with 
bronchial atresia. 


Diagnosis 

The patient with bronchial atresia is characteris- 
tically in the second decade of life; there is no 
sex differential (Table 2). Most patients are 
asymptomatic; less than one-third experience 
symptoms of infection or shortness of breath. 
Abnormal physical findings are limited to de- 
creased breath sounds over the affected tissue. 

The pathophysiology of bronchial atresia pro- 
duces characteristic, reliable radiological find- 
ings. On plain chest roentgenograms the 
radiopaque extrahilar mass represents the 
mucocele, and the associated peripheral hyper- 
lucency represents the hyperinflation of in- 
volved parenchyma. Fluoroscopy documents air 
trapping and nonfluctuation in extrahilar mass 
size during intrathoracic pressure variations. 
Bronchography reveals nonfiling of the in- 
volved bronchus and displacement of neighbor- 
ing normal bronchi. 

Variations in the characteristic radiological 
pattern may occur. The emphysema may be ap- 
parent only as air trapping at fluoroscopy. There 
may be atelectasis rather than emphysema, de- 
pending on the status of collateral ventilation. 


Table 2. Clinical Data on Total Patient Population 


Patient Data Value 
Sex 
Male 20 (54%) 
Female 15 (4690) 
Age 
Range 1/2-41 yr 
Median 18 yr 
Mode 17 yr 
Symptoms 
Asymptomatic 25 (7196) 
Respiratory infection 6 (17%) 
Cough 2 ( 6%) 
Shortness of breath 2 ( 6%) 
Physical findings 
Decreased breath sounds 21 (60%) 
Unknown l4 (40%) 





The hilar mass may exhibit an air-fluid ievel, 
especially during infection. However, 
frequently, no mass can be identified. Bron- 
chography may be normal if the atretic segment 
is in a very small bronchus inaccessible to pres- 
ent bronchographic technique. Thus the differ- 
ential diagnosis includes conditions producing 
a hilar mass or hyperlucency. 

Peripheral hyperlucency with hilar mass may 
be produced by internal or external bronchial 
obstruction: bronchial adenoma or carcinoma 
[11], mucoid bronchial impaction [6], vascular 
compression [15], sequestration, or broncho- 
genic cyst. Hyperlucency without associated 
mass may result from bronchial neoplasm, a 
foreign body [4] (since very few intrabronchial 
foreign bodies are radiopaque), abnormal bron- 
chial cartilage or redundant bronchial mucosa 
[15], infantile emphysema, Swyer-James or 
MacLeod’s syndromes, or pulmonary embolism. 
The most common causes of isolated perihilar 
masses are lymphadenopathy and neoplasia. 

These entities may be differentiated from 
bronchial atresia by history in some cases but are 
most effectively demonstrated by bronchoscopy 
and bronchography. Other diagnostic proce- 
dures have been inconsistently performed and 
are unnecessary for all but unusual symptoms. 
Tomography delineates the mucocele with its 
projections, pulmonary arteriography may re- 
veal normal or diminished vascularity in affected 
tissue, and lung scans may reveal abnormal ven- 
tilation and perfusion or simply diminished ven- 
tilation. Pulmonary function studies demon- 
strate mildly impaired ventilatory and diffusion 
capacities and ventilation/perfusion ratios. 


in- 


Bronchial Cysts and Atresia 


Bronchial cysts appear similar to the 
mucoceles of bronchial atresia since they have 
similar wall structure and contents [22]. Their 
difference lies in their embryological origin. 
Proximal or central bronchial cysts, often called 
bronchogenic cysts, may result either after ab- 
normal bronchial budding, with segregation 
from the remaining normal parenchyma, or after 
normal budding. When abnormal budding has. 
produced an abnormally located higher-order 
bronchus, a vascular accident may act to seal it 
and thus form a noncommunicating bronchial 
cyst. The cyst may, however, remain in com- 
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munication with the bronchial tree. These cysts 
are usually large and located near hila or carina. 
The cases of lobar bronchial atresia exemplify 
this condition [11, 12], and another patient, re- 
vealing bronchial cyst due to bronchial atresia in 
an extralobar sequestration [10], further docu- 
ments the role of bronchial atresia in production 
of noncommunicating central bronchial cysts. 
Similarly, peripheral bronchial cysts may also 
result from abnormal bronchial budding, but 
they usually occur after normal budding and 
vascular accident. 

Central cysts are usually single and thus indi- 
cate an early local vascular accident affecting 
normal or abnormal bronchial buds, depending 
on the relationship to existing parenchyma. The 
more peripheral the cysts, the more likely they 
are to be multiple, indicating a more generalized 
accident causing more extensive damage, proba- 
bly later in bronchopulmonary development. 

Thus bronchial cysts include the mucoceles of 
bronchial atresia. Central cysts are usually not 
associated with functioning parenchyma and do 
not produce hyperaeration unless by external 
compression of neighboring normal bronchus. 
Peripheral cysts, small and multiple, involve 
such distal airways that parenchyma is involved 
only immediately around them and usually es- 
capes notice. The cysts forming after disruption 
of segmental bronchi usually produce em- 
physema and the characteristic picture of bron- 
chial atresia. 


Treatment 


Initially, treatment was surgical excision, usually 
lobectomy, in order to secure a positive diagnosis 
and avoid complications. Later, surgery was 
considered indicated only for treatment of as- 
sociated complications, because the morbidity 
of uncomplicated bronchial atresia was less than 
that of surgical excision. Presently, surgery is 
rarely required for diagnosis, but the risk is suffi- 
ciently low to justify surgical excision in anticipa- 
tion of such atresia-related complications as en- 
croachment of hyperinflated tissue on normal 
tissue and mucocele infection. 

Of the 35 patients reported to date with bron- 


chial atresia, 24 have been treated by lobectomy 


and 5 by segmentectomy, 3 had no treatment, 
and for the remaining 3 the treatment was listed 
simply as surgical. 





Surgical excision should be as limited as possi- 
ble to preserve all normal lung tissue and still 
allow smooth recovery and no subsequent dis- 
ability for the patient. 


Fig 4. Anteroposterior and lateral static chest roentgeno- 
erams reveal left upper lung hyperlucency. 
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Addendum 


An additional patient, a 19-year-old white woman, 
has received treatment for bronchial atresia at our 
institution. A routine chest roentgenogram made 
prior to knee arthroscopy in 1976 revealed left upper 
chest hyperlucency without any hilar mass (Fig 4). 
The patient had been active and without cough, 
dyspnea, or pneumonia. Physical examination re- 
vealed hyperresonance and decreased breath sounds 
over the anterosuperior left chest. 

In 1977, a second chest roentgenogram revealed in- 
creasing hyperlucency, and further diagnostic proce- 
dures were performed. Bronchoscopy revealed a nor- 
mal lingular bronchus, but a narrowed superior 
division with two small bronchial openings. The 
lung scan revealed matched filling and perfusion de- 
fects of the anterior left upper lobe. 

Cough and fever developed, and subsequent chest 
roentgenograms demonstrated posterior left upper 
lobe consolidation. At thoracotomy, the pink, em- 
physematous, and noncompressible anterior segment 
was removed along with the consolidated apical seg- 
ment, which was displaced posteriorly. The arterial 
supply of the specimen was abnormally small, and the 
bronchial structures were dilated, filled with thick 
mucus, and not continuous with the left upper lobe 
bronchus. The patient had an uneventful convales- 
cence. 

Histological examination was consistent with bron- 
chial atresia. This case demonstrates the characteristic 
anatomical and pathological changes seen in bron- 
chial atresia as described in the preceding text. 
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Chest Dimensions in Young 


Adults with Spontaneous Pneumothorax 


Richard M. Peters, M.D., Barbara A. Peters, Stephen K. Benirschke, 


and Paul J. Friedman, M.D. 


ABSTRACT Chest dimensions measured from 
standard chest roentgenograms of 46 young adult pa- 
tients with pneumothorax were compared with mea- 
surements from an age- and sex-matched control 
group. The ratio of men to women was 3:1. On the 
average, the male patients had longer chests and 
greater height-to-width ratios than the controls. The 
only significant difference between female groups 
was a diminished anteroposterior diameter in the pa- 
tients with pneumothorax. The study suggests that 
the physical shape of the chest, probably because of 
stress distribution in the lungs, can play a major role 
in the development of spontaneous pneumothorax. 


An explanation for the occurrence of pneu- 
mothorax in young adults is not fully avail- 
able. The disease has a definite predilection for 
men, and our clinical impression is that the 
majority are tall and of asthenic body build. 
Two clinical studies have suggested that 
pneumothorax is more common in tall, thin indi- 
viduals [1, 3]. Vawter and associates [2] in 
theoretical studies have related stress to the 
height of the lung. They found that the differ- 
ence in volume strain between apex and base is 
directly proportional to lung height. This 
theoretical study prompted us to undertake an 
investigation to compare measurements of the 
chest roentgenograms of patients with spon- 
taneous pneumothorax with those of age- and 
sex-matched controls to see if we could confirm 
the observation that the patients had longer, nar- 
rower chests and thus might be expected to have 
increased stress disruption of the apical paren- 
chyma. 
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Materials and Methods 


A list of all patients aged 17 to 30 years admitted 
to University Hospital, San Diego, between 
January, 1969, and June, 1976, with spontaneous 
pneumothorax was obtained. For controls, nor- 
mal chest roentgenograms were selected from 
Department of Radiology files. These were cho- 
sen so the controls matched the age and sex of 
the patients with pneumothorax. In the patients 
over 20 years old, age controls varied by approx- 
imately 6 months, but more precise matches 
were sought for the younger patients. 

Six measurements of the chest roentgenogram 
of each patient were made except when no lateral 
view was available, in which case only five mea- 
surements were made. Roentgenograms taken 
immediately after lung reinflation (e.g., no chest 
tube, no residual pneumothorax) were used un- 
less problems arose (poor inspiration, poor film 
quality), whereupon the next most contempo- 
rary films were used. 

On the anteroposterior view, tangents to the 
bottom of the second rib and the top of the tenth 
rib were drawn on each hemithorax of the roent- 
genogram, perpendicular to the axis of the spine. 
The vertical distance between these tangents was 
measured on each side of the chest roentgeno- 
gram. The highest point on the diaphragm in full 
inspiration was found, and the vertical distance 
from that point to the line at the bottom of the 
second rib was measured on the left and right 
sides. The maximum width of the lungs depicted 
on the posteroanterior view (usually near the 
base) was also measured. On the lateral view the 
maximal horizontal posteroanterior diameter 
was measured. A drawing of a typical chest and 
the method of measurement are depicted in the 
Figure. 

Independent measurements of each roent- 
genogram were made by two observers to 
determine reproducibility, and agreement to 
within 4 mm was achieved in more than 9596 
of the paired measurements. The six mea- 
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A 


Various measurements made on each side: (A) distance be- 
tween tangents of the second and tenth ribs (L 2-10, 
R 2-10), second rib and diaphragm (L 2-D and R 2- D) 
and maximum width; and (B) maximum posteroanterior 
diameter (P-A). 


/, 


surements for each subject and their codes are 
the distance from the second rib to the dia- 
phragm on the right and left (R 2-diaph and L 
2—diaph), distance from the second to the tenth 
rib on the right and left (R 2-10 and L 2-10), 
maximum width (MW), and maximum pos- 
teroanterior (MPA) diameter. In addition, a 
number of ratios were calculated: L 2-10/MW, R 
2-10/MW, L 2-diaph/MW, R 2-diaph/MW, and 
MPA/MW. 

Of the six possible determinations, the least 
variance occurred in the MW measurement on 
the posteroanterior roentgenogram, and the next 
least variance occurred in measurement of the R 
2-10 iistance. Poorest agreement was found 
when MPA diameter was measured on the lat- 
erai views. This high variance was owing to the 
vara ^!e position of the subject when the roent- 
gency.: : taken, se that the judgment of the 
observer in picking a hi maximum dis- 


IY We 
M 
nzon'*ai 


i 4 à 3 a ee. WIN? p~ $ 
- Peat d tron 





March 1978 





B 


Pneumothorax Analyses 


The original subject population consisted of 96 
men, 34 with pneumothorax, and 62 normal con- 
trols; and 33 women, 12 with pneumothorax, 
and 21 normal controls. The age range for both 
sexes was 18 to 30 years. The lateral measure- 
ment could not be accurately obtained from the 
roentgenogram in every case and so was re- 
corded as missing in 18 of the subjects. 

The chest dimensions for the patients with 
pneumothorax were then compared with those 
of the normal subjects and the significance de- 
termined by the two-tailed test of probability, 
using the Statistical Package for the Social Sci- 
ences. Table 1 lists the results for men, Table 2 
for women. 

The R 2-10 dimension was significantly 
greater in the men with pneumothorax than in 
the controls. In addition, the ratios of L 2—diaph/ 
MW, R 2-diaph/MW, and R 2-10/MW were all 
greater in the patients (p < 0.05). The R 2- diaph/ 
MW and L 2-10/MW ratios were significant at the 
90% confidence level, and the L 2-10/MW ratio 
was just slightly greater in the men with 
pneumothorax. 

For women, the group was smaller, and the 
only sizniticant differences were for MPA, which 
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Table 1. Chest Dimensions in Men 


No. of Standard 
Subjects Mean Deviation 
Two-Tailed 
Variable Controls Patients Controls Patients Controls Patients Probability 
MPA 30 32 20.5 20.0 1.99 2.26 0.388 
R 2-diaph 34 34 22.6 23.6 2.30 2.54 0.090? 
L 2-diaph 34 34 24.0 24.6 2.40 2.50 0.333 
R 2-10 34 34 19.3 20.1 1.05 211 0.048^ 
L 2-10 34 34 19.5 20.1 1.13 1.89 0.109 
MW 34 34 30.8 29.8 1.91 2.43 0.069? 
L 2-10/MW 34 34 0.6352 0.6789 0.048 0.083 0.010^ 
L 2-diaphMW 34 34 0.7815 0.8287 0.082 0.098 0.035^ 
R 2—10/MW 34 34 0.6283 0.6786 0.047 0.090 0.006^ 
R 2-diaph/MW 34 34 0.7346 0.7959 0.079 0.106 0.009" 
MPA/MW 30 32 0.6677 0.6759 0.057 0.092 0.671 
a < 0.10. 
w = 0.05. 


MPA = maximum posteroanterior diameter; R 2-diaph = distance from second rib on right to diaphragm; L 2-diaph = 
distance from second rib on left to diaphragm; R 2-10 = distance from second to tenth rib on right; L 2-10 = distance from 
second to tenth rib on left; MW = maximum width. 


was less in the pneumothorax group (p < 0.05). nal population. Standard t tests were done sepa- 
The MW dimension was smaller at the p = 0.10 rately by sex. For the male height/weight test, 
level. an F test for equality of variances for the 

Two additional tests were done using height pneumothorax and control groups resulted in 
and the ratio of height to weight. These values using a t test with separate variance estimates. 
could not be obtained for all subjects in the origi- No significant results were found for the height 


Table 2. Chest Dimensions in Women 


No. of Standard 
Subjects Mean Deviation 
ee Two-Tailed 
Variable Controls Patients Controls Patients Controls X Patients Probability 
MPA 7 10 18.3 17.3 0.67 Lo 0.048? 
R 2-diaph 12 12 21.5 20.9 3.24 3.18 0.660 
L 2-diaph 12 12 23.1 22.2 3.11 2.33 0.453 
R 2-10 12 12 18.0 17.6 1.24 1.66 0.481 
L 2-10 12 12 18.3 17.9 1.48 1.45 0.444 
MW 12 12 27.6 26.5 1.52 1.67 0.100^ 
L 2—-10/MW 12 12 0.6654 0.6766 0.054 0.061 0.638 
L2-diaphMW 12 12 0.8386 0.8422 0.122 0.098 0.938 
R 2-10MW 12 12 0.6543 0.6665 0.050 0.072 0.636 
R2-diaphMW 12 12 0.7799 0.7934 0.124 0.136 0.801 
MPA/MW 7 10 0.6648 0.6653 0.043 0.057 0.986 
“p = 0.05. 
"p x 0.10. 


MPA = maximum posteroanterior diameter; R 2-diaph = distance from second rib on right to diaphragm; L 2- apt 
distance from second rib on left to diaphragm; R 2-1!) = distance from second to tenth rib on ce fron 


second to tenth rib on left; MW = maximum width. 
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and height/weight variables for either sex. The 
pneumothorax and control groups could not be 
distinguished using these measurements alone. 
The small sample sizes, however, greatly re- 
duced the sensitivity of these tests. 

A discriminant analysis using all dimensions 
was also done to see whether it was possible to 
distinguish patients with pneumothorax from 
control subjects. For men, the analysis correctly 
classified 62% of the patients with pneu- 
mothorax and 72% of the controls. Overall, 
68.5% of the male subjects were correctly 
classified. For women, the results were some- 
what better. Eighty-two percent of the female 
patients were correctly classified in the 
pneumothorax group, and 92% of the controls in 
the normal group. Overall, 87% of the women 
were correctly classified. 


Comment 


Our studies confirm that spontaneous pneu- 
mothorax is far more common in men than 
in women. The sex ratio of 3:1 at our hospital is 
somewhat less than the 5:1 ratio of Forgacs [1]. 
The vertical dimensions in the male chest are 
predictably greater than those in the female. 

The vertical dimensions of the right lung and 
the ratio of vertical to horizontal diameter of the 
chest were significantly larger in the male pa- 
tients with pneumothorax than in the control 
subjects (p « 0.05). The female group was much 
smaller, and more significant differences might 
have been apparent if a group of comparable size 
had been studied. 

This confirmation of the greater likelihood of 
pneumothorax in subjects with long, narrow 
chests is useful as a clinical guide. Our study 
confirms the studies of Forgacs [1], who reached 
the same conclusion. 

The studies of Vawter and associates [2] pro- 
vide a theoretical basis for the occurrence of 
pneumothorax in young adults with long, nar- 
row chests. They showed that as lung height 
increases, volume strain near the apex rises both 
absolutely and relatively when compared to the 
base of the lung. This added strain on the apical 
parenchyma of a lung could provide an explana- 
tion for the development of blebs in these other- 


wise healthy young adults. While spontaneous 
pneumothorax in young adults is often unilat- 
eral, blebs are bilateral and confined to the apex, 
the site of maximal gravitational stress. These 
blebs are not associated with generalized de- 
structive emphysema and do not usually pro- 
gressively enlarge as they do in bullous em- 
physema. 

Spontaneous pneumothorax occurs most com- 
monly after the adolescent growth spurt and 
then seems to disappear after age 30. The peak 
occurrence in the midtwenties [3], a few years 
after growth is complete, suggests that vertical 
stress must be present for a period of time to 
disrupt alveoli and cause blebs to develop. 

In addition to the risk of spontaneous 
pneumothorax, certain occupations and forms of 
recreation in our modern society subject indi- 
viduals with lung blebs to increased risk. There 
are forms of diving that use compressed gases to 
permit deep or prolonged dives. When individu- 
als with blebs undergo decompression after div- 
ing, the blebs may trap the expanding gases, 
rupture, and cause air embolism or acute 
pneumothorax. In selection of individuals for 
deep-sea diving, young men with long, narrow 
chests should be very carefully screened by chest 
roentgenogram to ensure that they do not have 
apical blebs. In coastal areas such as southern 
California, where scuba diving is very popular, 
treatment of patients with pneumothorax due to 
ruptured blebs is incomplete unless clearinstruc- 
tions about the danger of further scuba diving are 
given to the patient. 

This study confirms the predictions of phys- 
iologists that the shape and dimensions of 
the chest cage can play an important role in the 
development of lung disease. 
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The new PROXIMATE Disposable 
Skin Stapler offers an instrument 
with unique advantages superior to 
any other in the field. 

The PROXIMATE disposable skin 
stapler is engineered to precise 
surgical requirements of reliability, 
speed, control and placement, ease 
of use and comfort. It avoids the 
disadvantages of current devices and 
provides benefits for the surgeon, 
nurse and patient, as well as the 
hospital. The staple extractor is also 
designed for easy use and patient 
comfort. 
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PROXIMATE skin stapler is a single-use, 
disposable instrument with preloaded 
staples. Thus it is capable of completing 
most procedures without the loading or 
reloading problems of conventional de- 
vices Itis always ready for immediate use 


Made of space-age materials, the 
PROXIMATE Disposable Skin Stapler 
weighs much less than conventional skin 
staplers and requires less force to fire. 
Minimal weight and force, smooth triggeg 
action and excellent visibility, provide 
more natural work angles for optimum 
control and accurate placement. 


Close and Dispose 


FAST 


Fully automatic. No precocking. No pre- 
loading. No waiting for conventional de- 
vices in use by other surgeons to be 
autoclaved and cooled. You are handed 
| fresh, new sterile instrument for your 
personal use for each procedure, just 
like an ETHICON*needle/suture armed 
in a needleholder, ready for use. 


NO MAINTENANCE 


Unlike reusable devices, the PROXIMATE 
disposable skin stapler requires no serv- 
icing—no time out for repairs, no clean- 
ing, scrubbing, lubricating, wrapping or 


resterilization. 





INEXPENSIVE 


Lower cost per staple and per closure 
No initial capital instrument investment 
Preloaded with regular or wide staples 
the PROXIMATE disposable skin stapler 
doesn't require the extra cartridges nec- 
essary to complete most procedures 


DISPOSABLE "b SKIN STAPLER 





Stored in the OR, so it’s always Mayo 
stand ready for delivery to surgeon. Indi- 
vidually blister-packed, 6 sterile instru- 
ments per dispenser box. Choice of 
regular or wide stainless steel staples. 





In the special world of skin closure there 
is now only one disposable instrument 
of its kind—the all new PROXIMATE skin 
stapler. 


Your ETHICON Sales Representative will 
be ‘ny to demonstrate one OU. j 
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A Comparative Study of IPPB, 
the Incentive Spirometer, and Blow Bottles: 
The Prevention of Atelectasis Following Cardiac Surgery 


Leigh I. G. Iverson, M.D., Roger R. Ecker, M.D., Harold E. Fox, M.D., 


and Ivan A. May, M.D. 


ABSTRACT Following cardiac operations, 145 pa- 
tients were treated with either intermittent positive- 
pressure breathing (IPPB), blow bottles, or an incen- 
tive spirometer in an attempt to alter the incidence of 
atelectasis. Pulmonary complications occurred in 
30% of the patients receiving IPPB, 15% of those 
using an incentive spirometer, and 8% of those using 
blow bottles. Gastrointestinal side-effects occurred 
in 20% of the IPPB group and were rare in other 
groups. The cost of IPPB is also considerably greater 
than either incentive spirometry or blow bottles. 
IPPB is not essential to prevention of atelectasis in 
postoperative cardiac surgical patients and may be 
inferior to other methods. 


Atelectasis accounts for 90% of pulmonary prob- 
lems following operation [12]. The incidence va- 
ries (from 10 to 70%) in proportion to the sophis- 
tication of the techniques used to detect it [8, 13, 
16]. Marked atelectasis complicating an other- 
wise uneventful postoperative course occurs in 
up to 20% of cardiac surgical patients. 

Intermittent  positive-pressure breathing 
(IPPB) first appeared in the early 1950s and was 
used extensively to prevent and treat atelectasis 
[14]. Initial enthusiasm waned as further reports 
failed to substantiate the effectiveness of this 
technique [4, 5, 9, 10]. Four respiratory maneu- 
vers have been used with varying success to 
treat atelectasis: IPPB, resistance breathing [7], 
carbon dioxide rebreathing [1], and, recently, 
voluntary sustained inspiration [11]. This report 
compares three of these methods. 
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Materials and Methods 


A consecutive group of 145 patients who under- 
went cardiac operations during 1974 were 
treated postoperatively with IPPB, blow bottles, 
or an incentive spirometer (Table 1). The IPPB 
and blow bottle groups were randomized by 
using the last digit of their hospital number (odd 
numbers received blow bottles, even numbers 
received IPPB). Subsequently, 58 consecutive 
patients were treated with an incentive spirome- 
ter. Although this process did not fulfill strict 
criteria of randomization, no patients were 
excluded, and we think the groups were similar 
enough preoperatively that a valid statistical 
statement can be made about the results. 
Though more patients undergoing valve opera- 
tions utilized IPPB, if a New York Heart Associa- 
tion Class IV classification is compared, the 
three groups are similar. No differences existed 
between the groups with regard to associated 
illnesses, particularly those involving the car- 
diovascular and respiratory systems. A change 
in our operative preservation of the myocardium 
resulted in significantly longer pump times in 
the group using the incentive spirometer. This 
longer pump time may well have increased our 
pulmonary complication rate in this group, but 
it does not invalidate the purpose of our study, 
namely, to discredit the routine use of IPPB 
postoperatively. 

Patients were instructed preoperatively in the 
use of their respective mode of therapy and were 
taught deep breathing and coughing tech- 
niques. Chest percussion and periodic naso- 
tracheal suctioning were applied with equal fre- 
quency in each group. Patients were maintained 
on a Bennett MA-1 volume respirator by a naso- 
tracheal tube for 6 to 36 hours ^octoperatively. 


The patients were ^ 1 when they were 
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Table 1. Diagnoses of Patients Undergoing Cardiac Operations 


Diagnosis IPPB BB IS 
Coronary artery disease 17 29 43 
Class IV 4 9 8 
Aortic valve disease 15 4 8 
Mitral valve disease 8 8 3 
Double valve disease (MVR, AVR) 2 0 2 
Miscellaneous 0 4 2 
Total 42 45 58 
Class IV 9 (21%) 12 (26%) 10 (17%) 
IPPB = intermittent positive-pressure breathing; BB = blow bottles; IS = incentive spirometer; MVR = mitral valve 


replacement; AVR = aortic valve replacement. 


by mask were used following extubation. One 
group of patients was treated for 15 minutes 
every 3 hours with IPPB by using a Bennett PR-2 
or Bird Mark 4 pressure respirator. An opening 
pressure of 15 to 20 cm H,O, normal saline in the 
nebulizer, and a 40% oxygen-air mix were used. 
The second group of patients was given blow 
bottles and supervised as they exchanged the 
water from three to five times every 3 hours. The 
third group of patients inhaled through the in- 
centive spirometer to their maximum volume 
and sustained it as long as possible. This process 
was repeated from three to five times every 3 
hours. The patients were encouraged to obtain 
their preoperative level of vital capacity. All pa- 
tients were evaluated postoperatively by roent- 
genogram, physical examination, and serial 
arterial blood gases in an attempt to evaluate 
their respiratory status. 

Observations were made preoperatively and 
on the first three postoperative days. These in- 
cluded percussion and auscultation of the lungs, 
vital signs, chest roentgenogram and Pago,. The 
Pao, was measured with an Fro, of 40% on the 
first postoperative day and ambient air on the 
remaining days. Pulmonary complications were 
tabulated. Atelectasis was considered a sig- 
nificant complication if it prolonged hospitaliza- 
tion, if it necessitated bronchoscopy, or if the 
cardiologist involved in the patient's postopera- 
tive care specifically mentioned it in the dis- 
chaige summary as being troublesome. Gas- 
teoic¢testinal complaints er enoted. In any pa- 
| piratory therapy 


"T chat cb 
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primary method had failed and that the patient 
had significant atelectasis in spite of treat- 
ment. This situation occurred once or twice in 
each group. 


Results 


Respiratory rate, pulse rate, and the incidence of 
rales and egophony were essentially equal in all 
three groups. Temperature improved daily in 
groups using IPPB and blow bottles. Those 
using the incentive spirometer maintained a 
higher temperature for a longer period (Table 2). 
Radiographic changes consistent with atelec- 
tasis occurred with increasing frequency in the 
groups IPPB the 
spirometer. Roentgenographic changes did not 


utilizing and incentive 
significantly increase with time in the group 
using blow bottles (Table 3). By the second post- 
operative day, 49% of the patients using blow 
bottles and 43% of those using the incentive 
spirometer had a Pag, of less than 60 torr, 
whereas 62% of the patients using IPPB had a 
Pao, of less than 60 torr. On the third postopera- 
tive day there was a significant improvement in 
Pao, in the group using blow bottles and a lesser 
improvement in the groups using IPPB or the 
incentive spirometer (Table 4). Gastrointestinal 
complaints were rare in the groups using blow 
bottles and the incentive spirometer. Only 2% 
(1/45) of the patients using blow bottles and 2% 
(1/58) of those using the incentive spirometer 
developed gastric distention, whereas 9% (4/42) 
of IPPB patients did. In addition, no incentive 
spirometer patients and only 2% (1/45) of those 
using blow bottles experienced nausea post- 
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Table 2. Patients with Temperature Greater Than 37.8°C 








IPPB (N = 42) BB (N — 45) IS (N = 58) 
Postoperative Day No. 7o No. 7o No. % 
1 31 74 27 60 44 76 
2 23 54 23 51 51 88 
3 17 40 at 47 35 60 
IPPB = intermittent positive-pressure breathing; BB = blow bottles; IS = incentive spirometer. 
Table 3. Patients with Roentgenographic Changes of Atelectasis 
IPPB BB IS 

Postoperative Day No. % No. % No. % 
1 14 a3 15 23 18 31 

19 45 16 36 30 52 
3 23 Jo 18 40 35 60 


IPPB = intermittent positive-pressure breathing; BB = blow bottles; IS = incentive spirometer. 


operatively, whereas 16% (7/42) of the IPPB pa- 
tients did. Most of these patients complained of 
their symptoms immediately after treatment 
with IPPB. The incidence of significant atelec- 
tasis was lowest in the group using blow bottles 
(8%) and highest in the group using IPPB (26%). 
The incentive spirometer group was inter- 
mediate, with an incidence of 15%. In the IPPB 
group, 1 patient developed pneumonia from 
which she eventually died. A second patient 
suffered an anoxic cardiac arrest attributed to a 
mucus plug, was resuscitated, and left the hospi- 
tal without sequelae. The total respiratory com- 
plication rate is thus 30% (13/42) in the group 
using IPPB, double that of those using the incen- 
tive spirometer (9/58, or 15%) and nearly four 


Table 4. Patients with Pag, Less Than 60 Torr 


times that of those using blow bottles (4/45, or 
8%). 


Comment 


Hypoventilation and splinting either alone [2] or 
through deactivation of surfactant [3, 6, 15] are 
the probable causes of atelectasis. Once a critical 
decrease in the vital capacity occurs, more alveo- 
lar units approach their closing volume. In the 
range below normal functional residual capac- 
ity, closure of distal airways and small alveoli 
causes little functional impairment. As the nor- 
mal range of tidal volume is encroached upon, 
progressive hypoxia ensues. Sufficient trans- 
pulmonary pressure at the patient's current vital 
capacity will serve to reopen collapsed alveoli. 





IPPB BB IS 
Postoperative Day No. % No. % No. % 
D i 10 6 13 2 
2 26 62 22 49 25 43 
3 22 52 11 24 19 33 


"Pag, was measured at an Fig, of 40% on postoperative day 1, and on room ait 


IPPB = intermittent positive-pressure breathing; BB = ‘blow bottles; IS = 6”. 
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Positive end-expiratory pressure is the best 
technique to achieve this. It is usually not feasi- 
ble two or more days postoperatively in a patient 
who has been extubated. In theory, the incen- 
tive spirometer should be the best technique to 
achieve the reopening of collapsed alveoli. In 
our series, although the incentive spirometer 
produced an improvement over IPPB, it was less 
effective than blow bottles. Although 15% (9/58) 
of incentive spirometer patients experienced 
pulmonary complications compared with 30% 
(13/42) of IPPB patients who did, only 8% (4/45) 
of the patients using blow bottles experienced 
such complications. The chi-square value for 
these results is 7.57 (p = 0.023). In addition, 20% 
(8/42) of IPPB patients experienced gastrointes- 
tinal complications, whereas only 2% (1/45) of 
blow bottle patients and 2% (1/58) of incentive 
spirometer patients did. This difference in gas- 
trointestinal complications is also significant at a 
chi-square value of 13.61 (p = 0.0011). There is a 
considerable difference in the cost of these 
modes of therapy as well. In our hospital the 
initial setup for each unit is about $9.00. Indi- 
vidual treatment with IPPB costs $7.50 for each 
patient. Blow bottles and incentive spirometer 
treatments cost $3.00 apiece when given by a 
member of the Respiratory Therapy Service and 
are not charged for when supervised by nurses. 
Because of the high incidence of gastrointestinal 
problems and the lack of effectiveness, we avoid 
the use of IPPB whenever possible. We think 
inspiratory and expiratory maneuvers achieved 
by the patient are superior to the passive use of 
IPPB in the treatment and prevention of post- 
operative atelectasis. 
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Retrograde Coronary Sinus 


Perfusion for Myocardial Protection 
during Cardiopulmonary Bypass 


Jorge Solorzano, M.D., Greta Taitelbaum, 
and Ray Chu-Jeng Chiu, M.D. 


ABSTRACT The pathophysiology of retrograde 
coronary sinus perfusion was studied in a vented, 
nonworking heart in vitro. The fraction of nutritional 
blood flow, estimated with the trapping index of 
radioactive microspheres (15 + 5 yu), is approximately 
one-fifth of total flow. The runoff is primarily 
through the thebesian system and venovenous chan- 
nels, as is shown with Microfil injection studies. 
These results suggest that retrograde coronary sinus 
perfusion would be of marginal value in revasculariz- 
ing a working heart but would be effective in protect- 
ing a hypothermic, nonworking myocardium. 
Canine experiments indicate that retrograde coro- 
nary sinus perfusion can provide efficient core cool- 
ing of the myocardium during cardiopulmonary 
bypass even in the presence of complete coronary 
artery occlusion. It is technically simple, delivers car- 
dioplegic solutions to the myocardium without the 
risk of coronary ostial injury, and can be employed in 
the presence of severe aortic insufficiency and open 
aortic root. Retrograde coronary sinus perfusion 
therefore appears to be a valuable alternative mode of 
myocardial protection during cardiac operations. 


Although an ideal technique for myocardial pro- 
tection during cardiac operations still eludes us, 
coronary perfusion, either with blood or with 
cardioplegic solution, and hypothermia are cur- 
rently widely used and have been found to afford 
a measure of myocardial protection. However, 
many problems remain. For example, topical 
hypothermia produces a temperature gradient 
across the myocardium and thus fails to protect 
the more vulnerable subendocardial and septal 
layers [19]. Core cooling and coronary perfusion 
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provided with coronary ostial cannulation could 
produce the serious complications of coronary 
ostial stenosis [2]; it is also a nuisance to have 
these cannulas present within the limited opera- 
tive field of aortic valve replacement. Perfusion 
through the root of the aorta [16] may not be 
continued while the aortic root is open or in the 
presence of major aortic insufficiency. It may 
also, like the coronary ostial perfusion method, 
be unable to protect the muscle mass supplied by 
a critically stenosed coronary artery, particularly 
when the effective perfusion pressure is not suf- 
ficiently high [9]. Many of these shortcomings 
are theoretically avoidable with retrograde coro- 
nary sinus perfusion either for core cooling or for 
the delivery of cardioplegic solutions. 

The experiments reported here are in two 
parts. The first deals with the pathophysiology of 
retrograde myocardial venous perfusion in order 
to obtain further insight into (1) why past at- 
tempts to maintain myocardial function in a 
working heart with retrograde coronary perfu- 
sion have been marginally successful [1] and (2) 
how such retrograde perfusion can be more ef- 
fective as a means of myocardial preservation 
during cardiac operation. The second part deals 
with the application of retrograde coronary sinus 
perfusion for core cooling and for the delivery of 
cardioplegic solution during canine cardiopul- 
monary bypass. 


Materials and Methods 
Part 1 


Twenty-six mongrel dogs weighing 15 to 25 kg 
were anesthetized intravenously with pentobar- 
bital and heparinized. Five hundred milliliters of 
blood was collected from a catheter placed in the 
femoral artery. The animals were then killed 
with an overdose of barbiturates, and the heart 
was rapidly removed. 

In Group 1 (10 dogs) a balloon-tin; 
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perfusion catheter was introduced into the left 
coronary ostium through the aortic root, while in 
Group 2 (10 dogs) the same catheter was inserted 
into the coronary sinus through the right atrium. 
The balloons were inflated to prevent backflow. 
The heparinized autologous blood obtained ear- 
lier was then infused by gravity into the catheter 
ata pressure of 80 mm Hg. Through a side-arm in 
the perfusion setup, microspheres (15 + 5 p) 
tagged with chromium 51 having a known 
amount of total radioactivity were homoge- 
nously mixed with the autologous blood and in- 
fused into the catheters. Microspheres not 
trapped by the microcirculation were flushed out 
from the myocardium with continued autolo- 
gous blood perfusion. By means of a gamma 
counter the radioactivity trapped within the 
myocardium was determined, and a trapping 
index [3] that represented the fraction of total 
microspheres trapped by the myocardial mi- 
crocirculation was calculated. This index was 
used to estimate the nutritional (or capillary) 
fraction of total blood flow in both the antegrade 
(Group 1) and retrograde (Group 2) coronary 
perfusions. 

In Group 3 (6 dogs) a balloon-tipped catheter 
was inserted into the coronary sinus through the 
right atrium, and a silicone rubber solution (Mi- 
crofil) was infused into the coronary sinus at pres- 
sures ranging from 30 to 90 mm Hg. The heart 
was then processed by fixing it in formaldehyde 
for 24 hours, immersing it in bleach solution, 
dehydrating it in ascending concentrations of 
ethanol, and finally clearing it in a solution con- 
taining benzylbenzoate and methylbenzoate. 
This process rendered the myocardium almost 
transparent and allowed detailed anatomical ob- 
servation of the coronary vasculature revealed by 
the yellow-colored Microfil solution. The dis- 
tribution and runoff of the Microfil cast were 
observed both in gross specimens and under 
magnification. 


Part 2 


Twenty-six mongrel dogs weighing 15 to 25 kg 
were anesthetized intravenously with pentobar- 
oital (30 mg per kilogram) and ventilated with 
‘tor. Thoracotomy and femoral ar- 
were performed, and total nor- 
^"diopuimonary bypass was estab- 


a respi 


lished using a Cobe oxygenator primed with 
Ringer’s solution. The left ventricle was decom- 
pressed with an apical vent. The intramyocardial 
temperature was monitored continuously by a 
needle thermistor probe placed in the midlayer 
of the left ventricular mass. The tip of the therm- 
istor sensor was inserted and fixed to the de- 
sired depth (average, 5 mm from epicardium) 
after the wall thickness was determined with 
needle aspiration. In Group B a No. 12 needle 
was introduced into the root of the aorta, while in 
Groups C, D, and E a balloon-tipped catheter 
was inserted into the coronary sinus through the 
right atrium for retrograde coronary sinus per- 
fusion. Aortic pressure was continuously 
monitored with a Statham strain gauge, and 
blood samples and punch biopsies of the left 
ventricular myocardium were obtained (1) at the 
institution of cardiopulmonary bypass, (2) 60 
minutes after cross-clamping of the ascending 
aorta, and (3) 60 minutes after release of the 
aortic cross-clamp and reestablishment of car- 
diac function following discontinuance of car- 
diopulmonary bypass. Blood specimens were 
studied for lactic dehydrogenase (LDH), serum 
glutamic oxaloacetic transaminase (SGOT), 
creatine phosphokinase (CPK), potassium, and 
hematocrit, and myocardial biopsy specimens 
were processed for both histological and electron 
microscopical studies. 
The dogs were divided into five groups: 


Group A (4 dogs) underwent anoxic nor- 
mothermic arrest. After cardiopulmonary by- 
pass was started, the ascending aorta was 
cross-clamped for 30 minutes and then released. 

Group B (4 dogs) underwent aortic root 
hypothermic perfusion with a cardioplegic solu- 
tion with or without coronary artery occlusion. 
Immediately after cross-clamping of the ascend- 
ing aorta, cold (4°C) cardioplegic solution was 
infused antegrade into the aortic root at a hy- 
drostatic pressure of 80 mm Hg. This cardio- 
plegic solution was a Ringer's lactate solution con- 
taining 10% glucose to which, in each liter, 50 
units of insulin, 72 mEq of potassium chloride, 
and 1 gm of methylprednisolone were added. 
The pH of the solution was buffered to 7.4 and 
was hypertonic (700 mOsm). The intramyocar- 
dial temperature was kept at approximately 
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25°C with intermittent aortic root perfusion for 
60 minutes. Then the aortic cross-clamp was re- 
leased, and the heart was defibrillated if required 
and taken off cardiopulmonary bypass. 

In 2 of the 4 dogs the left anterior descending 
and left circumflex arteries were occluded with 
snares prior to infusion of the cardioplegic solu- 
tion to simulate severe coronary arteriosclerosis 
obliterans. The snares were removed just before 
aortic cross-clamping was terminated. 

Group C (6 dogs) underwent hypothermic ret- 
rograde coronary sinus perfusion. Immediately 
following cross-clamping of the ascending aorta, 
the balloon in the coronary sinus was inflated, 
and retrograde coronary sinus perfusion insti- 
tuted with gravity perfusion at approximately 80 
mm Hg by means of cold (4°C) Ringer’s lactate 
solution (osmolality, 422 mOsm). The intramyo- 
cardial temperature was also kept at approxi- 
mately 25°C with intermittent retrograde coro- 
nary sinus perfusion lasting for 60 minutes. Then 
the aortic cross-clamp was released, and the 
heart was defibrillated if required and taken off 
cardiopulmonary bypass. 

Group D (8 dogs) underwent hypothermic ret- 
rograde coronary sinus perfusion with a cardio- 
plegic solution. In these animals the procedure 
was the same as in Group C except that the same 
cardioplegic solution used in Group B was used 
for retrograde coronary sinus perfusion. 

Group E (4 dogs) with coronary artery occlu- 
sion underwent hypothermic retrograde coro- 
nary sinus perfusion with cardioplegic solution. 
In order to determine the efficacy of retrograde 
coronary sinus perfusion in protecting the 
myocardium in the presence of severe coronary 
artery disease, the left anterior descending and 
left circumflex arteries were occluded with 
snares during the period of retrograde coronary 
sinus perfusion. Otherwise, the procedure and 
the cardioplegic solution used were the same as 
in Group D. 


The mean cardiopulmonary bypass period 
was 90 minutes in Groups B, C, D, and E, includ- 
ing the 60-minute period of aortic cross- 
clamping. In all groups the hemodynamic obser- 
vations were continued for one hour after the 
experiment, and myocardial biopsy specimens 
were taken again at that time. 


Results 
Part 1 


The magnitude of the nutritional fraction of 
coronary blood flow as estimated with the trap- 
ping index of microspheres in the antegrade 
(Group 1) and retrograde (Group 2) coronary 
perfusions was as follows: antegrade, 79 + 6% 
trapped (mean - standard error about the 
mean); and retrograde, 26 + 7% trapped. Mor- 
phological observation in Group 3 indicated that 
the Microfil infused into the coronary sinus 
opacified primarily the venous system of the left 
ventricle, the coronary veins in the right ventricle 
undergoing less filling. There were numerous 
venovenous interconnections, and the major 
runoff appeared to be the draining of the thebe- 
sian system into the cardiac chamber cavities, 
mostly the left ventricular cavity. These routes 
appear to offer less resistance in a decompressed, 
nonworking heart than the capillary to arteriole 
to coronary ostium route, although some Microfil 
also exuded from the root of the aorta (Fig 1). 


Part 2 


SURVIVAL. None of the 4 dogs in Group A 
could be resuscitated following 30 minutes of 
normothermic anoxic arrest. All dogs in Groups 
B, C, D, and E were readily resuscitated except 
for 1 dog in Group C, due to unsuspected severe 
hypokalemia (K, 1.8 mEq per liter). The hearts re- 
ceiving hypothermic solutions stopped beating 
rapidly and remained flaccid. Upon removal of 
the aortic cross-clamp, approximately half of the 
hearts resumed normal sinus rhythm spontane- 
ously within minutes, while others required only 
one to two defibrillations. 

INTRAMYOCARDIAL TEMPERATURES. In all 
groups receiving hypothermic retrograde coro- 
nary sinus perfusion, including Group E, in 
which the left anterior descending and cir- 
cumflex arteries were occluded, the intramyo- 
cardial temperature was reduced rapidly to 25°C 
after 2 to 3 minutes of perfusion (Fig 2). The 
intramyocardial temperature was maintained in 
these experiments at 25? to 28°C with the use of 
intermittent perfusion of 50 to 100 ml of perfus- 
ates. Antegrade perfusion in Group B also pro- 
duced similar myocardial hypothermi: when an 
equivalent amount of cardioplegic s: 


used. However, in the 2 dogs w^; coronary 





Fig 1. Retrograde coronary sinus perfusion with 
Microfil, demonstrating runoff through the thebesian 
system and venovenous connections into the left ven- 
tricular (A,C) and right ventricular (B) cavities. 

(D = great cardiac vein.) 
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TEMP (°C) 
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Fig 2. Intramyocardial temperature (left ventricular 
midlayer) using retrograde coronary sinus perfusion 
for core cooling. 


nary arteries were occluded, there was a temper- 
ature gradient of up to 5°C in the myocardium. 
The intramyocardial temperature of the right 
ventricle was kept at approximately 25°C with 
intermittent infusion of cold cardioplegic solu- 
tion. but the intramyocardial temperature in the 
left veniricle remained at 28? to 32°C. Once the 
aortic cross-clamp was removed and the heart 
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Fig 3. Aortic pressures before and after one hour of car- 
diopulmonary bypass without pharmacological sup- 
port. Values expressed as means + standard error 
about the mean. 


reperfused, the myocardial temperature re- 
turned to the normal range within 1 to 3 minutes 
in all groups. 

POSTPERFUSION HEMODYNAMIC STUDIES. As 
can be seen in Figure 3, the systemic blood pres- 
sure in Groups D and E, in which the cardio- 
plegic solutions were used, was significantly 
higher (Student t test, p < 0.01) than it was in 
Group C, in which pressure was lower than pre- 
bypass values (paired t test, p < 0.05). How- 
ever, all surviving dogs maintained satisfac- 
tory hemodynamic status without the use of 
pharmacological support. 

BLOOD ELECTROLYTES AND ENZYME STUDIES. 
There were no significant or consistent dif- 
ferences in electrolytes or enzymes (LDH, 
SGOT, CPK) in blood specimens obtained from 
dogs in Groups B, C, D, and E. As was men- 
tioned earlier, 1 dog that did not respond to 
resuscitation in Group C was later found to have 
severe hypokalemia. 

ELECTRON MICROSCOPY. The electron micro- 
scopical findings obtained one hour after reperfu- 
sion were examined and compared with those 
obtained prior to aortic cross-clamping. In 
Group A there was marked anoxic damage, in- 
cluding mitochondrial swelling and injury to 
cristae, intracellular and extracellular edema, the 
appearance of contraction bands, and myotibril- 
lar lysis. These changes were minimal or absent 
in Groups C, D, and E, and the glycogen 
granules were preserved in these groups (Fig 4). 
In Group B, left anterior descending and cir- 
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Fig 4. Electron micrograph of left ventricular myocardium 
after cardiopulmonary bypass in a Group D dog (i.e., one 
that had left anterior descending and circumflex artery oc- 
clusion with core cooling by retrograde coronary sinus per- 
fusion using a cardioplegic solution for 60 minutes). 
There is minimal tissue edema and preservation of glycogen 
granules. (Original magnification x12,000.) 


cumflex artery occlusion produced more pro- 
nounced ultrastructural changes in the left ven- 
trice, including swollen mitochondriae and 
sarcoplasmic reticulum and loss of glycogen 
granules (Fig 5). 


Comment 


Retrograde perfusion of the coronary sinus with 
oxygenated blood to sustain a working heart in 
the presence of severe coronary artery occlusion 
has been attempted many times both experimen- 
tally and clinically. The results were at best 
equivocal, and the procedure has never received 
wide acceptance. Our results concerning the 
pathophysiology of retrograde coronary venous 
perfusion (Part 1) may offer an explanation for 
such observations. Under normal conditions, 
coronary blood flow, particularly that of the left 
ventricle, drains into the coronary sinus, and less 





than 1 to 2% of total coronary blood flow may 
escape through the thebesian system directly 
into the left ventricular cavity. The proportion of 
coronary blood flow that drains through the 
thebesian system may depend not only on the 
capacity and size of the thebesian venous sys- 
tem, but also on the relative resistance offered to 
venous drainage between the coronary sinus and 
the thebesian system. It is important to recall that 
pressure in the coronary sinus, i.e., right atrial 
pressure, remains low throughout the cardiac 
cycle, while the left ventricular cavity achieves 
equivalent low pressure only for a short period 
during end-diastole. 

Our results in Part 1 indicate that this relation- 
ship may be drastically changed with retrograde 
coronary sinus perfusion in a nonworking heart, 
the pressure within the coronary venous system 
approaching that of the systolic arterial pressure. 
The main runoff in this mode of perfusion ap- 
pears to be through the thebesian system as well 
as through the numerous venovenous connec- 
tions to other chambers of the heart, preventing 
the development of tissue edema. The micro- 
sphere trapping index reflects the magnitude of 
nutritional blood flow in that it indicates the pas- 
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Fig 5. Electron micrograph of left ventricular myocardium 
after cardiopulmonary bypass in a Group B dog whose left 
anterior descending and circumflex arteries were occluded 
during antegrade core cooling (through the aortic root) 
using a cardioplegic solution for 60 minutes. There is 
moderate swelling of the mitochondriae and sarcoplasmic 
reticulum and loss of glycogen granules. (Original magnifi- 
cation X12,000.) 


sage of blood through channels smaller than 15 + 
5 w, i.e., the capillary bed, with exit through the 
coronary artery. The significantly lower nutri- 
tional blood flow in retrograde perfusion com- 
pared with that in antegrade perfusion offers an 
explanation of why the former may not be suffi- 
cient to maintain the activity of a working heart 
[4]; the results are consistent with the findings of 
Eckstein and associates [7], who reported that 
retrograde blood flow established through the 
coronary sinus supplied only 14 to 25% of the 
normal myocardial oxygen requirement. 
Incidentally, it is of interest to note that with 
careful control of perfusion pressure by means of 
low-viscosity Microfil, no structure which fits the 
classic description of myocardial sinusoids was 
founa in our preparations, while high-pressure 
injection of a viscous substance such as polyvinyl 
acetate frequently caused disruption of the ven- 
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ules and produced pools of contrast medium in 
the interstitial space and thus a resemblance to 
so-called myocardial sinusoids [3]. 

Although retrograde perfusion of the coronary 
vessels is less efficient in providing nutritional 
blood flow, the extensive network of venules 
throughout the thickness of the myocardium 
makes retrograde perfusion eminently efficient 
in providing core cooling. Furthermore, nutri- 
tional blood flow on the order of 2096 of total 
blood flow may still be sufficient to deliver oxy- 
gen and metabolic substrates in nonworking 
hypothermic heart, in which the metabolic re- 
quirements of the myocardium have been mark- 
edly reduced [6]. | | 

Group C experiments (in Part 2) demonstrate 
that the core cooling provided by retrograde 
coronary sinus perfusion is comparable to that of 
antegrade perfusion in Group B. The results in 
Group C are consistent with the possible addi- 
tional protective effect of solutions containing 
metabolic substrate and membrane stabilizer, 
i.e., glucose and steroid. The value of glucose- 
potassium- insulin solution and steroids has 
been reported by many investigators [11, 13, 14]. 
The optimal composition of a cardioplegic solu- 
tion is still under debate [10], but it should be 
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noted that the solution employed in this study 
(Groups B, D, and E) contained high concen- 
trations of potassium [15] and had high osmo- 
larity [18] in an attempt to decrease myocardial 
edema on reperfusion [8]. Of particular interest 
is the result in Group E, in which total occlusion 
of the left anterior descending and circumflex 
arteries for 60 minutes did not appear to di- 
minish the efficacy of retrograde coronary sinus 
perfusion either for core cooling or for myocar- 
dial protection. The myocardial temperature 
gradients noted in 2 Group B dogs were absent. 
This result may be of particular interest in view 
of the high degree of coronary artery stenosis in 
patients who have had operations in recent 
years, and in view of the fact that in antegrade 
perfusion, particularly with decreased perfusion 
pressure, tissue perfusion distal to a critically 
stenosed coronary artery may be drastically cur- 
tailed [9]. 

Both detailed studies of the physiological vari- 
ables of left ventricular function and long-term 
follow-up of cardiac performance are important 
in evaluating the efficacy of myocardial protec- 
tion. Suchinvestigations are beyond the scope of 
this series of experiments, although Lolley and 
associates [13] and others [17] have reported on 
left ventricular function following retrograde 
coronary sinus perfusion. Furthermore, ret- 
rograde coronary sinus perfusion had been suc- 
cessfully used clinically in an earlier era of cardiac 
surgery [5, 12]. The decline in this mode of myo- 


cardial protection in recent years can perhaps be 


attributed to its being confused with retrograde 
myocardial revascularization of a working heart, 
which is of marginal value, as was discussed 
previously. A clear distinction between the 
metabolic requirements of a hypothermic, ar- 
rested heart and those of a working, ischemic 
heart [6] is essential in understanding the roles 
retrograde coronary sinus perfusion can play in 
these different conditions. 

In summary, it appears that retrograde coro- 
nary sinus perfusion is technically simple and 
effective in delivering perfusates and in produc- 
ing core cooling, even in the presence of severe 
coronary artery stenosis. It may avoid complica- 
tions such as coronary ostial stenosis and elimi- 
nate the presence of perfusion cannulas in the 
operative field in aortic valve operations. Fur- 
thermore, the perfusate can be infused intermit- 


tently as required to maintain the desired level of 
myocardial hypothermia without interruption 
of operative procedures. Retrograde coronary 
sinus perfusion is thus a valuable alternative 
mode of myocardial protection, and further clini- 
cal trials and application of the procedure are 
warranted. 
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Notice from The Society of Thoracic Surgeons 


The Fourteenth Annual Meeting of The Society of 
Thoracic Surgeons was held at the Sheraton Towers 
Hotel, Orlando, FL, January 23-25, 1978, with a total 
of 2,221 registrants including spouses and exhibitors. 
The Scientific Sessions were attended by 656 mem- 
bers and 402 guests, including 120 residents. The 
Twelfth Annual Postgraduate Course, held on 
January 22, was attended by 642 people. 

Overall, the meeting was a great success. Although 
the weather was unseasonably cool for Florida, con- 
trasted with that of the Northeast and Midwest, it 
was very satisfactory. Dr. Robert Trumbo headed the 
local arrangements committee. He and his group 
were consistently helpful. Mrs. Carolyn Trumbo was 
in charge of arranging activities for the ladies. These 
activities drew much favorable comment. They, Wal- 
ter Purcell, and the staff of Smith-Bucklin deserve a 
great deal of credit for the success of the meeting. 

The Presidential Address given by Dr. F. Henry 
Ellis and entitled "Caritas Chirurgi" stressed that in 
this day and age when the image of the physician 
seems to be slipping, our most effective public rela- 
tions weapon is still our ability to function as con- 
cerned physicians interested first and foremost in 
our patients' well-being. 

At the annual business session the following offi- 
cers were elected: Harold V. Liddle, President; Paul C. 
Adkins, Vice-President; Thomas D. Bartley, Secretary; 
W. Gerald Rainer, Assistant Secretary; Harold C. 
Urschel, Jr., Treasurer; Robert G. Ellison, Historian; 
and Herbert Sloan, Editor, The Annals of Thoracic 
Surgery. Charles R. Hatcher, Jr., and Clarence 5. 
Weldon were elected to the Council as Councillors at 
Large. 

Bylaw changes to move the Society’s corporate 
base from California to Illinois were approved. 
Please note that this requires written vote from the 
membership indicating approval. Also voted were 
changes to make our bylaws consistent with the peer 
review activities previously approved by the Council 
and membership. These activities are already 
under way and will be reported upon iater. 

One hundred thirty-seven new members were 
elected, increasing the tota! membership to 1,721. A 


17. Shumway NE: Forward versus retrograde coro- 
nary perfusion for direct vision surgery of ac- 
quired aortic valve disease. J Thorac Cardiovasc 
Surg 38:75, 1959 

18. Spray TL, Watson DC, Roberts WC: Morphology 
of canine hearts after 24 hours preservation and 
orthotopic transplantation. J Thorac Cardiovasc 
Surg 73:880, 1977 

19. Stiles QR, Hughes RK, Lindesmith GG: The effec- 
tiveness of topical cardiac hypothermia. J Thorac 
Cardiovasc Surg 73:176, 1977 


new membership roster, headed by a listing of offi- 
cers, committees, and Society representatives for 
1978-1979, appears on pages 273-288 of this issue. 

The Government Relations Committee originally 
was formed as an ad hoc committee and was made a 
permanent committee at the January, 1977, meeting 
of The Society. At that same time the chairman of the 
committee was included among committee chairmen 
represented on the Council by a bylaw change. A 
budget for the committee of $5,000 for the year was 
approved, and several Washington groups were 
interviewed for the position of Legislative Consul- 
tant for The Society. Smith-Bucklin and Associates’ 
Washington office (the Chicago office provides man- 
agement for the Society) was selected, and through- 
out the year they provided the committee with a 
mechanism for monitoring both legislative and ad- 
ministrative activities at the Federal level, such as 
notices of proposed rulemaking that are published in 
the Federal Register. 

Obviously, this committee cannot be "all things to 

all people." Therefore, priorities of current concern 
to The Society of Thoracic Surgeons were identified 
and were assigned to the various committee mem- 
bers to monitor. These were: Medical Device Regu- 
lations, W. Gerald Rainer, M.D., Arthur C. Beall, Jr., 
M.D.; Health Manpower, L. Thompson Bowles, M.D., 
David B. Skinner, M.D.; PSRO and Utilization, 
Harold V. Liddle, M.D., Jack J. Greenberg, M.D.; 
and Health Planning and HSA's Malpractice, Charles 
R. Hatcher, M.D., W. Gerald Rainer, M.D. Other 
areas of interest to The Society, but which are cur- 
rently better covered by other societies such as the 
American College of Surgeons and the AMA, may 
become priority items if changing conditions war- 
rant. | ` ; 
The Fifteenth Annual Meeting will be held January 
15-17, 1979, in Phoenix, AZ. Lee B. Brown and Cecil 
Vaughn will serve as Chairmen of the Committee on 
Local Arrangements. 


Thomas D. Bartley, M.D. 
Secretary 


Transapical Aortic Perfusion 
with a Double-Barreled Cannula 
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ABSTRACT The aortic 


method is anew approach to cardiopulmonary bypass 


transapical perfusion 
and is performed with an infusion cannula placed in 
the ascending aorta through the left ventricular apex. 
The technique is applicable to almost all varieties of 
open-heart surgery, and is the most efficient method 
in infants and small children. A double-barreled 
forked cannula performs the two functions of aortic 
infusion and left ventricular decompression. With a 
Bakelite obturator, its cannulation to the aorta is very 
quick and easy. 

The transapical aortic perfusion method with a 
double-barreled cannula has been utilized in 156 
open-heart operations with 17 perioperative fatalities 
and 1 late death. The 138 surviving patients have done 
well for periods up to four years. 

The perfusion method was developed from the left 
heart bypass and assisted circulation technique inde- 
pendently invented by Chardack’s group and by us in 
1966 and 1969, respectively. 


In cardiopulmonary bypass for open-heart 
surgery, oxygenated blood is infused into the 
femoral artery or ascending aorta by means of a 
cannula inserted through an arteriotomy or aor- 
totomy incision. The cannulation and perfusion, 
however, cannot always be performed without 
accompanying difficulties. A degree of morbidity 
results from prolongation of the actual operative 
time for exposure of the vessels and their ulti- 
mate repair. Arterial dissection during bypass is 
a serious and possibly fatal complication. Arte- 
rial stenosis and late aneurysm formation are not 
necessarily infrequent. Infants and small chil- 
dren are particularly liable to such problems, and 
their tiny vessels preclude the use of large-bore 
cannulas. | 


From the Department of Cardiovascular Surgery, Osaka Na- 
tional Hospital, Osaka, Japan. 


Accepted for publication Sept 14, 1977. 


Address reprint requests to Dr. Tanaka, 3-21, Nukuikita- 
machi, 2-chome, Koganei-shi, Tokyo 184, Japan. 


In order to simplify the cannulation procedure 
and to avoid these complications, we conceived a 
new approach to aortic perfusion using a special 
device: the transapical aortic perfusion method 
with a double-barreled forked cannula. 


Methods 


TRANSAPICAL AORTIC PERFUSION. Figure 1 
illustrates cardiopulmonary bypass being per- 
formed by the transapical aortic perfusion 
method through a median sternotomy incision. 
Venous drainage cannulas are in the venae cavae 
as usual, butan aortic infusion cannula has been 
placed in the ascending aorta through a left ven- 
tricular apical incision—i.e., transapical aortic 
cannulation. No operation on the aorta is neces- 
sary for cannula introduction, and physiological 
antegrade perfusion in the proximal aorta is 
eventually achieved. 

The double-barreled cannula performs the 
dual functions of aortic perfusion and left ven- 
tricular decompression. 

DOUBLE-BARRELED CANNULAS. As seen in 
Figures 1 and 2, the double-barreled cannula,* 
made of flexible polyvinyl, consists of two par- 
tially joined tubes of different lengths. The 
longer one is for aortic infusion, and the shorter 
is a left ventricular vent tube. The double- 
barreled cannula is named after its cross-section 
appearance. | 

The cannula comes in three sizes, and their 
dimensions are given in Table 1. The small can- 
nula is planned for use in infants and children 
with a body surface area smaller than 0.7 m"; the 
medium size is for patients with a body surface 
area between 0.7 and 1.3 m’, and the large one is 
for those with a body surface area larger than 1.3 
m?. 

ACCESSORIES. . Each of the cannulas is accom- 
panied by a Bakelite obturator* and two plastic 
connectors." 


*Senko Meaica! instrument Mfg Co, Ltd, Tokyo, Japan. 
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Fig 1. Cardiopulmonary bypass being performed by the 
transapical aortic perfusion method with a double-barreled 
cannula. 


Fig 2. Three different sizes of double-barreled cannulas, 
shown with accompanying Bakelite obturators and plas- 
tic connectors. (Centimeter scale.) 
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With the obturator, the stiffened cannula can 
be quickly introduced into the ascending aorta 
through the left ventricle, air is prevented from 
entering, and blood gushing is precluded. The 
connectors have corrugated surfaces and fit 
tightly into both of the funnel-shaped ends of 
the cannula tubes and into the conventional 
circuit lines. 

PROCEDURES. The patient is placed on his 
back, and a median sternotomy incision is made. 
Venous drainage cannulas are inserted in the 
venae cavae following appropriate hepariniza- 
tion and are connected to the phlebotomy line. 

The surgeon on the patient's right side lifts the 
heart and places a single horizontal mattress su- 
ture of double-armed heavy synthetic material in 
the left ventricular apex. The apex is stabbed in 
the middle of the suture area, and the appro- 
priate double-barreled cannula with an obturator 
is inserted into the left ventricle through the api- 
cal incision. The cannula is advanced to the as- 
cending aorta until the tip of the infusion tube is 
located exactly at the pericardial reflexion in the 
aorta. The cannula is then snared with the suture 
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Table 1. Dimensions of Double-Barreled Cannulas 





Size of Cannula 





Dimension Small Medium Large 
Infusion tube portion alone (mm) 
Internal diameter 4.0 5.5 6.5 
External diameter 5.5 p Es 9.0 
Length 250 270 330 
Distance from distal end of infusion 60 75 115 
tube to side opening of LV vent 
tube (mm) 
External diameter of double-barreled 59x 3.75 7.5 x 10.75 9.0 x 13.0 
portion of cannula up to fork (mm) 
Body size governing choice of 0.7 or less 0.7-1.3 1.3 or more 


cannula? (m?) 





*Expressed in terms of body surface area. 


LV = left ventricular. 


in the apex. The obturator is removed from the 
cannula, which is clamped temporarily to avoid 
blood gushing. The infusion line is connected to 
the funnel-shaped end of the infusion tube, and 
infusate from the infusion line displaces airin the 
tube. With no air bubbles present in the circuit, 
cardiopulmonary bypass is started with the 
clamps off the infusion and phlebotomy can- 
nulas. The cardiotomy suction line is connected 
to the left ventricular vent tube of the double- 
barreled cannula. 

After the cardiotomy incision is closed, the 
apex is lifted and air is displaced to the upper- 
most portion of the left ventricular cavity. Next 
the cannula is withdrawn slowly until the side 
opening of the vent tube emerges slightly beyond 
the apical incision. Air in the left ventricle is then 
removed completely. At the termination of car- 
diopulmonary bypass, the cannula is removed 
from the heart and the horizontal mattress suture 
in the apex is immediately ligated. 

When aortic occlusion is necessary for anoxic 
cardiac arrest in children, the aorta should be 
simply snared by an umbilical tape passed 
around the aorta proximally to the tip of the 
infusion tube portion of the double-barreled 
cannula. In adult patients, however, blood leak- 
age may occur through the pleats and wrinkles 
produced by simple snaring. In that event, an 
aortic clamp is applied, using the technique for 
inducing partial aortic occlusion for proximal 
anastomosis in aortocoronary bypass, in order to 


constrict the large aorta and isolate the forward 
tip of the infusion tube portion. Another recom- 
mended technique in adults is to encircle or snare 
the aorta with a Penrose drain tube, stretching it 
moderately, and then applying the clamp pres- 
sure to the aorta over and through the cuff com- 
prised by the drain tube. The elastic drain 
shrinks, snaring the aorta circumferentially 
around the infusion tube, which allows applica- 
tion of a clamp with a diameter similar to that of 
the infusion tube portion of the cannula to be 
applied to constrict the aortic wall. 

If further fluid transfusion from the machine is 
required, it may be accomplished through one of 
the phlebotomy cannulas with the infusion line 
connected to it. 


Clinical Application and Results 


As of April, 1977, 156 open-heart operations had 
been performed by this method. The patients 
consisted of 87 males and 69 females with an age 
span of 3 months to 59 years; 41% were infants 
and children under 6 years of age. Body weight 
ranged between 3.5 and 65 kg. 

Varieties of diseases and operative procedures 
performed are shown in Table 2. All 18 valve 
replacements were with Carpentier-Edwards 
mounted xenografts and Hancock heart valves, 
and a tricuspid annuloplasty was performed 
with a Carpentier-Rhóne-Poulenc prosthetic 
ring in a patient who underwent mitral valve 
replacement. 
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Table 2. Cardiac Diseases and 
Operative Procedures Performed 


No. of 
No. of Operative 
Abnormality Patients Deaths 
VSD 59 6 
With ASD 1 
With ASD + PDA 1 
With ASD + PS 1 
ASD 49 1 
With PDA 1 
With PS 1 
Mitral valve 16 4 
replacement 
Tetralogy of Fallot 9 5 
PS 7 
Open mitral 4 
commissurotomy 
PAPVD with ASD 
TAPVD 1 1 
ECD 2 1 
With mirror-image 1 
dextrocardia 
TVR (Ebstein’s 2 
malformation) 
LV-RA communication 
Coronary artery 1 
fistula 
Cor triatriatum 1 
with ASD 
Total 156 18 


VSD = ventricular septal defect; ASD = atrial septal defect; 
PDA = patent ductus arteriosus; PS = pulmonic stenosis; 
PAPVD = partial anomalous pulmonary venous drainage; 
TAPVD = total anomalous pulmonary venous drainage; ECD 
= endocardial cushion defect; TVR = tricuspid valve re- 
placement; LV = left ventricle; RA = right atrium. 


Seven intraoperative deaths, 10 early deaths, 
and 1 late fatality resulted, an overall mortality 
rate of 11.5%. The perioperative deaths were 
mainly caused by bypass dependence due to 
obstructive pulmonary vascular lesions, bleed- 
ing, atrioventricular block, and respiratory, renal 
or cardiac failure; none were related to the trans- 
apical aortic cannulation. 

The 139 operative survivors were followed for 
periods up to four years. All but 1 have been 
symptom free and are doing well. A solitary late 
death occurred: a 42-year-old woman had 
undergone mitral valve replacement eleven 
monihs before, and the cause of her death was 
probably brain thromboembolism. 


COMPLICATIONS. The edematous apical myo- 
cardium was split off after open mitral com- 
missurotomy in a 59-year-old woman because of 
erroneous application of tension to the suture on 
closing the cannulation site. The dissection was 


successfully managed by simple suturing. 


Comment 


As an arterial infusion port in cardiopulmonary 
bypass, the ascending aorta and the femoral ar- 
tery are commonly used. Cannulation to these 
vessels, however, may be accompanied by ret- 
rograde arterial or aortic dissection, coronary 


. orifice occlusion, aneurysm formation, and many 


other complications [1, 3-8, 10, 11, 14, 16, 17, 
19—21, 22, 30, 31]. Exposing the vessels and re- 
pairing them are time-consuming procedures, 
especially when two different operative fields are 
required as in femoral artery cannulation. Intro- 
duction of a sufficiently large bore cannula to the 
small vessels of infants and children is an exact- 
ing task. 

In 1969, two of us invented a new approach to 
left heart assisted circulation: with a double- 
lumen metal cannula introduced into the ascend- 
ing aorta through the left ventricle by way of the 
apex, arterial blood is removed from the left ven- 
tricle and then infused into the aorta [9]. In this 
way, aortic cannulation can be performed easily 
with no surgical procedure on the aorta. This 
feature is the most efficient for cardiopulmonary 
bypass in small children. One of the authors 
(T. T.) fashioned miniature metal double-lumen 
cannulas with specific curvatures (Fig 3) in order 
to be able to use them through a median ster- 
notomy incision. In November, 1969, one of 
them was unsuccessfully applied to an 8-year- 
old girl who had sustained intractable ventric- 
ular fibrillation postoperatively. 

Subsequently, a flexible plastic double- 
barreled cannula was designed for easy han- 
dling, quick assembling, and avoidance of air en- 
trapment. It was the model for the present 
polyvinyl double-barreled cannulas (see Fig 3). 
Thereafter, the cannula dimensions were deter- 
mined on the basis of experimental results and 
clinical experience, and the procedures for appli- 
cation and clinical results have been described 
[23-27]. 

Kolff's 1971 article [12] brought the pioneering 
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Fig 3. Various metal double-lumen cannulas, with the con- 
ceptual model for the present double-barreled cannulas 
shown at the far right. The distal end portions of the larger 
cannulas are interchangeable, and the leftmost is for use 
through the left atrium and ventricle. The smaller ones are 
for pediatric use (see text). 


work of Chardack and his colleagues [2] to our 
attention. They had obtained almost the same 
experimental results in 1966 that we did three 
years later. Norman [18] and Trinkle and Bryant 
[28] reported a similar idea in 1970. All these 
workers aimed at a new approach to aortic perfu- 
sion for left heart bypass and assisted circulation. 

In 1972, however, Mansfield [15] published 
favorable experimental results with transven- 
tricular aortic cannulation for cardiopulmonary 
bypass in newborn infants, and planned its clini- 
cal application. Of interest was his use also of a 
vent tube attached to the side of the perfusion 
cannula. Kulik [13] of Russia in 1972 reported a 
similar approach with a metal double-lumen 
cannula, and mentioned its clinical application to 
usual open-heart operations as well as to resec- 
tion of a descending aortic aneurysm. Wada and 
Nakae [29] also reported in 1972 clinical use of the 
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aortic cannulation technique, using a single tube, 
for an open mitral valve procedure through a left 
thoracotomy incision. 

The median sternotomy approach, however, is 
the most useful for cardiac surgery. With trans- 
apical aortic cannulation through this incision, 
various cardiac operations can be performed, 
though aortic valve replacement and other pro- 
cedures requiring maneuvering in the aortic root 
are excluded. The severe atherosclerotic and cal- 
cific vascular lesion is another indication for the 
perfusion method, as Starr* has mentioned. Pul- 
satile perfusion would become more effective 
with the use of these large-bore cannulas. 

The infusion tube tip must be located exactly at 
the pericardial reflexion in the ascending aorta. 
Selective perfusion of the aortic arch tributaries is 
thus avoided. Aortic regurgitation during bypass 
does not occur if the cusps are normal, and 
Mansfield [15] has also mentioned this finding. 
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Normothermic Coronary Perfusion 
during Aortic Valve Replacement 
Ramon A. Cukingnan, M.D., and Joseph S. Carey, M.D. 


ABSTRACT Normothermic coronary perfusion was 
used in 121 patients undergoing aortic valve replace- 
ment from 1969 to 1976. Isolated aortic valve replace- 
ment was performed in 69% of the patients (84/121), 
and 31% (37/121) had combined procedures consist- 
ing of aortocoronary bypass, mitral valve replace- 
ment or repair, or ascending aortic aneurysm resec- 
tion in conjunction with aortic valve replacement. 
The left ventricle was vented in all. Sinus rhythm was 
maintained in 105 patients, but spontaneous fibrilla- 
tion persisted in 16. Postbypass hemodynamic data 
indicated satisfactory ventricular performance, and 
postoperative morbidity and mortality were low. 
Postoperative myocardial infarction (new Q waves, 
loss of R waves, persistent S-T and T wave changes) 


 oraserum glutamic oxaloacetic transaminase (SGOT) 


level of more than 100 units (colorimetric) occurred in 
13% of isolated and 27% of combined procedures. In 
patients with  electrocardiographic and SGOT 
changes suggesting myocardial damage and in those 
with persistent spontaneous fibrillation, coronary 
perfusion was technically unsatisfactory owing to 
either excessive flow, low flow, inability to perfuse 
the right coronary artery, or high perfusion pressures. 
Evidence of myocardial damage was absent when 
coronary perfusion was appropriately applied. In 
order to obtain satisfactory results with normother- 
mic coronary perfusion, both coronary arteries must 
be perfused at total flow rates of 200 to 350 ml per 
minute and at mean pressures of less than 120 mm Hg. 


Myocardial preservation during aortic valve re- 


placement is necessary in order to avoid myó- 


cardial damage when the aorta is cross-clamped. 
Topical hypothermic arrest, normothermic 
anoxic arrest, and hypothermic coronary perfu- 
sion have been used successfully [1-5, 7, 11]. 
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However, the incidence of postoperative myo- 
cardial infarction has been distressingly high. 
Rossiter and associates [10] reported a 32% elec- 
trocardiographic incidence of myocardial isch- 
emia and infarction when topical hypother- 
mia was used. Sapsford and co-workers [11] 
found electrocardiographic evidence of infarc- 
tion and ischemia in 22% of their patients 
having coronary perfusion at moderate 
hypothermia and in 21% of those having cold 
arrest. Few reports have dealt with the effects of 
normothermic coronary perfusion on myocar- 
dial performance and injury. 

Since 1969 we have used normothermic coro- 
nary perfusion coupled with a vented, beating 
heart during aortic valve replacement. Our use 
of this technique was based on the assumption 
that ventricular fibrillation is less likely to occur 
with normothermic perfusion. This study 
analyzes the ability of the technique to maintain 
sinus rhythm and to prevent myocardial infarc- 
tion or injury. 


Materials and Methods 


Between May, 1969, and December, 1976, aortic 
valve replacement was performed in 121 patients 
using normothermic coronary perfusion. Iso- 
lated aortic replacement was performed in 69% 
of the patients and 31% had associated mitral 
valve replacement or repair, aortocoronary 
bypass grafting, or ascending aortic aneurysm 


.. resection’ The mean age was 50 years. Six pa- 
“tients were in New York Heart Association 


Functional Class II, 87 were in Class III, and 28 
were in Class IV. 

Moderate hemodilution with balanced elec- 
trolyte solution was used in the prime. This was 
corrected for pH, and salt-poor albumin was 
added. Blood was included in the prime to main- 
tàin the hematocrit between 25 and 3096. Body 
and coronary perfusate temperatures were kept 
at 35° to 37°C throughout. All hearts were vented 
through the apex of the left ventricle. Car- 
diopulmonary bypass flows were maintained at 
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2.5 liters per square meter of body surface area, 
and the mean blood pressure was kept between 
65 and 75 mm Hg. 

After the aorta was cross-clamped, a standard 
aortotomy incision was performed. Coronary 
perfusion was promptly initiated through sepa- 
rate pump heads at flows between 100 and 250 
ml per minute on the left and 50 and 200 mi per 
minute on the right. Pressures were measured 
and corrected to a mean of 80 to 110 mm Hg. The 
tip of the perfusion cannula was kept near the 
ostium to avoid preferential perfusion of the cir- 
cumflex coronary artery in a short left main 
coronary artery. Silastic ball or balloon tipped 
catheters were used exclusively. The average 
pump, cross-clamp, and coronary perfusion 
times were recorded. In combined procedures, 
mitral valve replacement or repair was per- 
formed with coronary perfusion catheters in 
place. Tricuspid valve repair or replacement and 
coronary artery bypass grafts were done after the 
aortic valve had been replaced. Starr-Edwards 
prostheses (Models 1200, 1260, 2300, 2320, and 
2400) were used in 105 patients, Braunwald- 
Cutter Silastic ball prostheses in 4 patients, 
Bjork-Shiley tilting-disc valves in 4 patients, and 
Hancock porcine xenografts in 8 patients. 

No electrical fibrillation was used. Spontane- 
ously fibrillating hearts were defibrillated im- 
mediately and the perfusion cannula adjusted. 
Ischemic periods were limited to the time prior 
to placement of perfusion cannulas and to just 
before completion of the aortotomy suture line. 
Air was evacuated from the ascending aorta 
through the suture line or with a large-bore nee- 
dle. The apical vent was removed after evacua- 
tion of air from the left heart. 


Table 1. Clinical Data 


Hemodynamic data were obtained before and 
30 minutes after bypass in 72 patients (60%). 
Cardiac output with indocyanine green or ther- 
modilution techniques was recorded in 50 pa- 
tients. All patients had serial electrocardiograms 
and serum glutamic oxaloacetic transaminase 
(SGOT) determinations. Myocardial infarction 
by ECG was defined as the development of new 
Q waves or loss of QRS forces with persistent S-T 
and T wave abnormalities. An SGOT elevation 
of 100 units (colorimetric) was considered indic- 
ative of myocardial damage. 


Results 


Clinical Data 

The average pump time, aortic cross-clamp 
time, and coronary perfusion times are recorded 
in Table 1. 

Two patients (2.3%) died in the hospital after 
isolated aortic valve replacement. The first death 
occurred as a result of intracerebral hemorrhage 
two weeks postoperatively in a patient who de- 
veloped drug-induced thrombotic throm- 
bocytopenic purpura. The second patient had a 
cardiac arrest on the twelfth postoperative day. 

Four hospital deaths (1196) occurred in the 
combined operation group. Two were due to 
massive perioperative myocardial infarctions. 
One patient died 24 hours postoperatively of 
massive air embolism after aortic and mitral 
valve replacement and repair of a sinus venosus 
defect. The fourth death was attributed to mas- 
sive bleeding diathesis on the first postoperative 
day in a patient who had aortic and mitral valve 
replacements. 

Follow-up was 10096. There were 3 instances 
of postoperative ostial coronary stenosis; 2 pa- 


No. of Hospital 
Operation Patients Deaths 
Isolated AVR 84 2 
Combined procedures 37 4 
AVR + CAB 6 0 
AVR + MVR 27 4 
AVR + AAA 4 0 


aValues are means t standard error of mean. 


AVR = aortic valve replacement; CAB = coronary artery bypass; MVR = mitral valve replacement; AAA = ascending aortic 


aneurysm resection. 


Average Aortic Coronary 
Pump Time" Clamp Time” Perfusion Time? 
(min) (min) (min) 
82 + 33 65 + 18 54 + 12 
123 + 48 96 + 42 84 + 24 
B 68 + 27 66 + 19 
139 + 49 109 + 44 85 + 23 
127 + 40 101 + 24 98 + 25 
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tients required an aortocoronary bypass proce- 
dure for angina, and 1 patient with minimal 
narrowing remained well with mild angina. 
Complete heart block occurred in 3 patients and 
necessitated permanent pacemaker implanta- 
tions. There were 2 fatal cerebrovascular acci- 
dents due to thromboembolism; the status of 
anticoagulation was not verified in either in- 
stance at the time of death. Two fatal cases of 
prosthetic valve stenosis were recorded (1 mi- 
tral, 1 aortic) in patients in whom Starr-Edwards 
prostheses, Models 6300 and 2320, respectively, 
were used. Two patients developed perivalvular 
leaks after a bout of subacute bacterial endocar- 
ditis, and both were reoperated upon success- 
fully. The overall late mortality rate at 6 to 72 
months follow-up was 17% (20/115), giving a 
survival rate of 8396. 


Hemodynamic Status 


Cardiac output rose by an average of 26% in 
patients who underwent isolated aortic valve 
replacement (Table 2). A slight rise occurred in 
those who had combined procedures. Mean left 
ventricular end-diastolic pressure and mean left 
atrial pressure decreased significantly in both 
groups. 


Myocardial Infarction or Injury 


Electrocardiographic evidence of myocardial in- 
farction (Tables 3, 4) was present postopera- 
tively in 14 patients, all of whom had SGOT 
levels of more than 100 units. Seven additional 
patients had SGOT levels above 100 units with- 
out evidence of myocardial infarction. The inci- 
dence of electrocardiographic myocardial infarc- 
tion or SGOT levels higher than 100 was 1396 in 
46 patients with predominant aortic stenosis, 
1396 in 38 patients with predominant aortic in- 


Table 2. Hemodynamic Data 


Mean Cardiac 


sufficiency, and 2796 in the combined group. Of 
the 21 patients with electrocardiographic myo- 
cardial infarction or SGOT levels of more than 
100, 13 patients maintained sinus rhythm dur- 
ing aortic cross-clamping, and persistent spon- 
taneous fibrillation was present in 8. 5pontane- 
ous fibrillation also persisted in 8 patients in 
whom neither electrocardiographic myocardial 
infarction nor SGOT levels of more than 100 oc- 
curred. Coronary perfusion was considered to 
be unsatisfactory in these patients because of the 
inability to maintain sinus rhythm. 


Technical Errors in Coronary Perfusion 


Technical problems with coronary perfusion en- 
countered in 29 patients with electrocardio- 
graphic myocardial infarction, SGOT eleva- 
tions, or persistent spontaneous fibrillation are 
listed in Table 5. In all but 1 patient, the follow- 
ing problems occurred: (1) right coronary artery 
not perfused, (2) high coronary flows (>350 
ml/min), (3) low coronary flows (<200 ml/min), 
or (4) high perfusion pressures (>120 mm Hg). In 
92 patients in whom neither electrocardio- 
graphic myocardial infarction, SGOT elevation, 
nor spontaneous fibrillation occurred, 2 did not 
have perfusion of the right coronary artery, and 
high or low flow or high pressures were not 
encountered. 


Comment 


This study shows that the clinical and hemody- 
namic results with normothermic coronary per- 
fusion were quite satisfactory. Cardiac output 
increased and left ventricular filling pressures 
decreased appropriately in the majority of pa- 
tients. The postoperative morbidity and mortal- 
ity rates compare favorably with those reported 


in conjunction with other methods of myocar- 


-. Mean LVEDP Mean LAP 
Output (L/min) (mm Hg) (mm Hg) 
Operation Preop Postop Preop Postop Preop Postop 
Isolated AVR 3.26 4.36 20 2 XT 15 +7 22 + 10 16 +7 
Combined 3.12 3.21 Ic 14 x7 ZI SEC [E 
procedures 





AVR = aortic valve replacement; LVEDP = left ventricular end-diastolic pressure; LAP = left atrial pressure. 
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Table 3. Myocardial Infarction or Injury 


eee LLL 


wa Combined 
Criterion Isolated AVR (N = 84) Procedures(N = 37) Total 
Electrocardiographic myocardial 7 (8%) 7 (19%) 14 (12%) 
infarction 
SGOT > 100 (no myocardial 4 (5%) 3 (8) % 7 (6%) 
infarction) 
Total 11 (13%) 10 (27%) 21 (17%) 





AVR = aortic valve replacement; SGOT = serum glutamic oxaloacetic transaminase. 


Table 4. Myocardial Infarction or Injury in Isolated Aortic Valve Replacement 


Criterion 
Electrocardiographic myocardial 4 (9%) 
infarction 
SGOT > 100 (no myocardial 2 (4%) 
infarction) 
Total 6 (13%) 


SGOT = serum glutamic oxaloacetic transaminase. 


dial protection [5, 8-10]. However, coronary 
perfusion was unsatisfactory in 29 of the 121 
patients as judged by the occurrence of electro- 
cardiographic evidence of myocardial infarc- 
tion, elevated SGOT, or persistent spontaneous 
fibrillation. In all but 1 of these 29 patients, tech- 
nical errors were identified in the application of 
coronary perfusion. Among 92 patients (76%) in 
whom evidence of myocardial damage was not 
identified, problems related to coronary perfu- 
sion were noted in only 2. One of the most com- 
mon errors encountered was excessively high 
coronary flows. This was noted in 11 of 29 pa- 


Aortic Stenosis (N = 46) 


Aortic Insufficiency (N = 38) 
3 (8%) 
2 (5%) 


5 (13%) 


tients with inappropriate coronary perfusion. 
Nonperfusion of the right coronary artery or low 
total coronary flow was encountered in 14 pa- 
tients. Excessively high coronary pressures were 
encountered in only3. Although it would appear 
that many of these problems are.preventable, in 
many cases it is impossible to perfuse.the right 
coronary artery or establish satisfactory coro- 
nary flow. 


The incidence of electrocardiographic evi- «2 


dence of myocardial infarction or elevated SGOT 
was twice as high in patients with combined 
diseases as it was in those undergoing isolated 


Table 5, Technical Errors in Coronary Perfusion in Patients with Electrocardiographic or SGOT Changes 





“No electrocardiographic myocardial infarction. 
"SGOT of more, than 100 units. - 


SGOT = serum glutamic oxaloacetic transaminase. 





Electrocardiographic 
Myocardial SGOT > 100 
Error Infarction Units? Fibrillation?^^ 
Nonperfusion of right coronary artery 4 1 2 
High coronary flows (>350 ml/min) 5 3 3 
Low coronary flows («200 ml/min) 4 1 2 
High coronary pressures (7120 mm Hg) 1 2 0 
Unknown "M 0 0 1 
Total : dx | 14 7 8 
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aortic valve replacement. In patients who had 
isolated valve replacement the incidence of elec- 
trocardiographic myocardial infarction or ele- 
vated SGOT was similar for aortic stenosis and 
aortic insufficiency (13%). 

Isom and associates [7] noted that in aortic 
valve replacement using coronary perfusion at 
moderate hypothermia (30°C), 44% of the hearts 
stayed in fibrillation during operation, and ele- 
vation of serum enzymes was noted in 57% of 
these patients. Mulder and associates [9] also 
reported a 43% incidence of spontaneous fibril- 
lation in patients in whom hypothermic coro- 
nary perfusion was utilized. 

Buckberg and associates [4] have demon- 
strated the importance of a beating, vented heart 
in minimizing the incidence of subendocardial 
ischemia. Myocardial oxygen demand was 
shown to be reduced by 60% if the external work 
is eliminated by vented cardiopulmonary 
bypass. A beating heart allows better perfusion 
of all layers of the myocardium during diastole 
[6]. In the study of Mulder and associates [9], 
when continuous coronary perfusion was used 
with moderate hypothermia and strict criteria 
were employed in regulating perfusion flows 
and pressures, the heart was maintained in a 
beating state in 39 of 40 patients. 

The present study supports the conclusions of 
Mulder and associates. Although 16 of the 121 
patients maintained persistent spontaneous 
fibrillation, most of these instances occurred 
early in the series. More recently, we have 
applied strict criteria with the use of coronary 
perfusion, and sinus rhythm has been consis- 
tently maintained. 

This study clearly shows that electrocardio- 
graphic myocardial infarction, SGOT elevation, 
and spontaneous fibrillation were avoided when 
both coronaries were perfused at total flow rates 
between 200 and 350 ml per minute and at mean 
pressures below 120 mm Hg. Therefore if there 
is likelihood that these conditions cannot be 
met, we plan an alternative method. of myocar- 
dial protection prior to operation. For:éxample, 
in patients with a short left main coronary ar- 
tery, a small right coronary artery; or diffuse 
coronary artery disease, we prefer to use cold 
aortic root perfusion with hyperkalemic cardio- 
plegic solution combined with topical hypother- 
mia. In addition, if satisfactory coronary artery 


perfusion is not established in both coronary 
arteries within a few minutes after opening the 
aortic root, we proceed to apply deep topical 
hypothermia. 

We conclude that normothermic coronary per- 
fusion deserves high priority as a method of 
myocardial protection during aortic valve re- 
placement when both coronary arteries are free 


of disease and satisfactory perfusion can be es- 
tablished. 
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The Blalock-Taussig Shunt in the Neonate 


Hillel Laks, M.D., Leonard Fagan, M.D., Hendrick B. Barner, M.D., 


and Vallee L. Willman M.D. 


ABSTRACT With improvements in the techniques 
of microvascular surgery, the Blalock-Taussig shunt 
has been applied to smaller infants. We report our 
experience in 17 neonates (mean age 9 days, mean 
weight 3.2 kg) who underwent emergency shunt op- 
erations. The early mortality was 17.6% (3 of 17), with 
only 1 death (7%) from renal failure and sepsis, in the 
last 14 patients. Three shunts were patent but in- 
adequate and required a secondary procedure, which 
was successful in all 3. There were 3 patients with late 
shunt failures at a mean of 15 months postopera- 
tively, while 2 are still doir:g well at 15 and 18 months. 
No patients developed congestive cardiac failure. The 
late mortality was high (5 of 14), but was due to late 
shunt failure and was preventable in only 1 patient. 
These results are encouraging, and we continue to 
perform the Blalock-Taussig shunt in neonates. It is 
hoped that improvements in technique will reduce 
the incidence of inadequate shunts. 


Improved results of corrective surgery have re- 
duced the need for paltative shunts, which are 
now applied mainly to neonates and infants 
with complex congenital cardiac defects. The 
Waterston shunt (ascending aorta to pulmonary 
artery) has been advocated for the neonate [3, 11] 
because it is technically easier to perform. This 
shunt has, however, been associated with exces- 
sive pulmonary blood flow [1, 8, 13, 15], causing 
congestive cardiac failure; also, it may seriously 
deform the pulmonary artery [8]. The Potts anas- 
tomosis (descending aorta to left pulmonary ar- 
tery) is also associated with excessive pulmonary 
blood flow [8, 14] and is difficult to take down at 
‘the .time of a corrective operation. The Glenn 
shunt (superior vena cava to right pulmonary 
artery) has a prohibitive mortality in early in- 
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fancy [16]. The Blalock-Taussig shunt (subcla- 
vian to pulmonary artery) has become the shunt 
of choice in the older infant, but has been 


avoided in the neonate because of difficulty with ' 


the small subclavian artery. With improvements 


in the techniques of microvascular surgery, how- ~ 


ever, this shunt has been applied to smaller in- 
fants [7]. In this report we review our experience 
with the Blalock-Taussig shunt in 17 neonates. 


Clinical Material 


The Blalock-Taussig shunt was performed in 17 
neonates at the St. Louis University Medical 
Center from 1965 to 1977. Fourteen of these pro- 
cedures were performed from 1974 to 1977. The 
ages of the neonates ranged from 12 hours to 5 
weeks (mean, 9 days), and their weight varied 
from 2.2 kg to 4.0 kg (mean, 3.2 kg). All under- 
went preoperative cardiac catheterization, and 
the diagnoses are shown in the Table. 

Two were diagnosed as having tetralogy of 
Fallot. Twelve had pulmonary atresia; 3 of these 
had intact ventricular septum, and the rest had 
either a single ventricle or a ventricular septal 
defect. Three had transposition of the great ar- 
teries; 1 of those had pulmonary atresia and 
single ventricle, and 2 had pulmonary stenosis. 
One had tricuspid atresia. The mean capillary Po, 
at the time of admission was 20 mm Hg. 


Operative Technique 


The side opposite the aortic arch was used for the 
anastomosis. The chest was entered through a 
lateral thoracotomy in the third or fourth inter- 
costal space. The subclavian artery was taken 
down, with great care not to injure the phrenic 


nerve. In the neonate, this complication requires 


prolonged ventilatory support.: The carotid and 
innominate arteries were mobilized and freed of 
adventitial attachments, giving increased length 
and allowing the anastomosis to be performed at 
the origin of the first major branch of the subcla- 
vian artery. Utilization of this bifurcation in 


: preparation of the subclavian artery increases the 
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Clinical Features and Postoperative Course 








Capillary 
Patient Age Weight ——— ee 
No. (days) ^ (kg) Diagnosis Patency Preop Postop? Postoperative Course 
1 12 3.4 Tetralogy of Fallot Patent Corrected at age 6 yr; doing well at age 
l 13 yr 
2 4 2.4 Pulm atresia, 18 Died intraoperatively 
intact V septum 
3 4 2.9 Pulm atresia, 0 20 A Died 1 day postop during attempted second 
single V shunt 
4 1 4.0 Pulm atresia, Inadequate 26 30 Shunt patent but inadequate; RV outflow 
intact V septum patch at 14 days; died at age 2 yr during 
reconstruction 
5 4 9 Pulm atresia, VSD, Patent 20 40 Recurrent cyanosis at age 18 mo; right 
situs inversus; Blalock-Taussig shunt at 19 mo; died 
levocardia 2 mo postop 
6 4 3.4 Pulm atresia, Inadequate — 16 30 2 days postop, shunt revised; alive and 
intact V septum, well at 19 mo; Po;, 39 mm Hg 
hypoplastic RV 
7 3 2.9 Pulm atresia, Patent 21 36 Died at age 14 mo 
single V, TGA, 
asplenia 
8 2 3.6 Pulm atresia, VSD Patent 21 48 Alive and well at age 18 mo 
9 2 3.3 Pulm atresia, VSD Patent 28 35 Recurrent cyanosis at age 14 mo; left 
... Blalock-Taussig shunt at 15 mo; alive and 
well at 17 mo 
10 10 3.6 Pulm atresia, Patent 22 47 Shunt patient; died atage3 wk from sepsis and 
single V, situs renal failure 
inversus, 
dextrocardia, 
asplenia 
11 3 2.2 Pulm atresia, Patent 18 42 Alive and well at age 6 mo 
single V, TGA 
12 3 3.5 Pulm atresia, Patent 17 41 Alive and well at age 5 mo 
single V, TGA 
13 5 2.8 Pulm atresia, Patent 24 42 Died 5 mo postop of unrelated causes 
single V 
14 26 3.3 Tetralogy of Fallot Patent 19 40 Doing well 6 mo postop 
15 33 4.1 Single V, TGA, Patent 17 47 Died suddenly 1 yr postop 
pulm stenosis . 
16 1 2:3 Tricuspid atresia Inadequate 14 28 Central synthetic shunt at 9 days of age; doing 
well at 4 mo 
17 35 3.5 TGA, VSD, pulm Patent 24 43 Doing well 15 mo postop 


stenosis 





?Postop Po, refers to Po, at last follow-up or prior to second procedure. 


V = ventricle; VSD = ventricular septal defect; RV = right ventricle; TGA = transposition of great arteries. 


anastomotic length and avoids narrowing at the 
anastomosis. Before the anastomosis the pa- 
tients were heparinized with 1.5 mg of heparin 
per kilogram of body weight, which was not 
reversed. The posterior wall of the anastomosis 
was created using a running suture, and care 
was taken to evert the suture line and exclude 
adventitia. The anterior wall was completed 
with interrupted sutures of 7-0 Prolene. 


Results 

There were 3 operative deaths (within 30 days of 

operation) in this group of 17 patients (Fig 1). | 
Two deaths occurred early in the experience, 1 


due to intraoperative cardiac arrest and a second 
at an attempted shunt reconstruction. There has 
been 1 death among the last 14 patients (7.1%) 
operated on since 1974, as shown in Figure 2. 
This occurred in a 10-day-old neonate who 
underwent operation after several cardiac arrests 
and a prolonged period of anuria. Although the 
shunt was satisfactory (Po, 47 mm Hg), this child 
died three weeks postoperatively from renal fail- 
ure and sepsis. 

Among the 16 patients who survived opera- 
tion, 1 had a shunt that occluded immediately, 
and the patient died 1 day postoperatively: while 
a second shunt was being performed. There-were 
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Fig 1. Early (< 30 days) and late mortality in 17 neonates 
who underwent the Blalock-Taussig shunt. 
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Fig 2. Operative mortality (<30 days) related to the time 
of the procedure. 


3 patients with patent but inadequate shunts. 
The capillary Po, rose postoperatively but 
stabilized at about 28 mm Hg, which was consid- 
ered inadequate. In 1 of these patients, an out- 
flow tract patch was successfully inserted ten 
days postoperatively and the patient did well 
until the age of 2 years, when she died following 
an attempted repair at another institution. In 
the second patient, the anastomosis was success- 
fully revised two.days postoperatively using a 
homologous vein 'patch at the anastomosis. In 
the third patient, a central aorta-pulmonary ar- 


tery shunt utilizing a synthetic graft (polytetra- 
fluoroethylene) was successfully performed 9 
days postoperatively. There were thus no deaths 
inthe3 patients requiring secondary procedures 
for inadequate shunts. 

There were 3 late shunt failures at a mean of 15 
months postoperatively, as shown in the Table. 
One patient died suddenly before a second shunt 
could be performed, and 2 underwent a second 
Blalock-Taussig shunt procedure. 

There were 5 late deaths. One patient died 
from cerebral infarction 2 months following a 
second Blalock-Taussig shunt performed at age 
19 months. One died during attempted correc- 
tion at the age of 2 years at another institution. 
One died suddenly one year postoperatively 
with an apparently adequate shunt, and 1 died 
of unrelated associated congenital anomalies at 1 
year of age with an adequate shunt. The death of 
the 21-month-old child who had progressively 
increasing cyanosis (see the Table) and then 
died suddenly before a second shunt was per- 
formed was probably preventable. 

Shunt patency was evaluated clinically in all 
patients and by repeat cardiac catheterization in 
5. Two of the 3 with patent but inadequate shunts 
were shown by catheterization to have narrow- 
ing at the anastomosis. In 2 patients with late 
shunt failure who were catheterized, the subcla- 
vian artery above the anastomosis was small (Fig 
3). This lack of growth may have been secondary 
to lack of growth of the anastomosis. 


Comment nos 
In evaluating a systemic-pulmonary artery. 
shunt in the neonate, several factors should be 
considered. Because of the small size of the ves- 
sels in the neonate, technical factors are impor- 
tant and influence both survival and shunt pa- ` 
tency. The long-term effectiveness of. the shunt ` ` 
is also important and is determined: by: the abil- , 
ity of the anastomosis to grow with the child. 2 
Since 1945, the Blalock-Taussig shunt fias. be- 
come established. as the shünt: -of choice in the 
older child. The incidence of congestive cardiac 
failure is extremely low [5, 10], and the: friortality 
has been low. The shunt is easy fo ligate át'a 
subsequent reconstructive procedtire, and rarely 
results in kinking of the pulmonary artery. Ini- 
tially, howevér, it was thought that this shunt 
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Fig 3. A left Blalock-Taussig shunt in Patient 5, who 
had situs inversus. The shunt was performed at 4 days 
of age, and the angiogram was obtained when 

cyanosis recurred at 18 months. The subclavian artery 
has failed to enlarge throughout its length, possibly 
because of a restrictive anastomosis. 


was not applicable to the neonate because of 
technical difficulties with the small vessels. Ear- 
lier experience seemed to bear this out. Daicoff 
and associates [2] reported a mortality of 5096 in 
patients under 4 weeks of age undergoing the 
Blalock-Taussig shunt, while in those over 2 
years of age the mortality was only 7%. Neches 
and associates [8] reported a mortality of 3096 in 
infants under the age of 3 months. 

We previously reported our experience with 
the Blalock-Taussig shunt in infants under the 
age of 6 months [7], with 2 deaths among 4 neo- 
nates under 2 weeks of age and 4 deaths in 14 
neonates aged 2 weeks to 6 months. In this series 
of 17 neonates, 14 were under 2 weeks of age. 
There were 3 early deaths in the series, a mortal- 
ity of 17.696. Only 1 death (796) has occurred in 
the last 14 patients, however, a considerable im- 
provement on the previous series. This is proba- 
bly related to better patient care and the applica- 
tion of microvascular surgical techniques. 

The Waterston shunt has been widely used in 
neonates [1, 3, 8, 11, 13, 15], with a mortality of 0 
to 40%. Follow-up of these patients, however, 
has shown a significant number with excessive 
pulmonary blood flow and congestive cardiac 
failure [13, 14]. Kinking of the pulmonary artery 
may also occur, particularly in the neonate [8, 


13]. Long-term follow-up of patients with vari- 
ous systemic- pulmonary artery shunts [9] has 
also shown that the late development of pulmo- 
nary vascular disease is more common in the 
patients with Waterston and Potts shunts than in 
those with the Blalock-Taussig shunt. 

Our late mortality is disappointingly high but 
was directly related to shunt failure in only 1 
child, who should have had a second shunt ear- 
lier when cyanosis recurred. One other death 
was related to a second shunt procedure. This 
child had had a successful right Blalock-Taussig 
shunt at the age of 4 days. A shunt was per- 
formed on the left side at 19 months because of 
recurrent cyanosis. He died 2 months after this 
operation from brain damage in the distribution 
of the vertebrobasilar system. It is therefore now 
our practice to avoid a second Blalock-Taussig 
shunt when possible, and to measure the verte- 
bral artery stump pressure prior to its ligation. 

The longevity of the Blalock-Taussig shunt 
performed in the neonate remains to be estab- 
lished. Taussig and associates [12] found that the 
younger the patient at the time of the initial 
shunt, the shorter the duration of improvement. 
In this series there were 3 late failures at a mean 
age of 15 months (14 to 18 months), while 7 pa- 
tients are still doing well 4 to 19 months post- 
operatively (mean, 10.4 months). This would 
suggest that the duration of effectiveness in pa- 
tients of this age group will be shorter than in 
older children. In this respect, the Waterston 
shunt may have an advantage, although the cor- 
rective procedure may have to be undertaken 
earlier because of congestive cardiac failure or the 
fear of pulmonary vascular disease [9, 13]. 
Aorta-pulmonary artery shunts have been con- 
structed successfully using a synthetic prosthesis 
(polytetrafluoroethylene) [4]; since growth at the 
anastomosis is not possible, the long-term effec- 
tiveness of this shunt awaits further follow-up. 

Our experience would suggest that the 
Blalock-Taussig shunt can be performed with an 
acceptable mortality in the neonate. The shunt is 
effective and provides long-term palliation. 
Further follow-up may confirm our impression 
that effective shunt life in this group is at least 15 
months. Currently, we consider the Blalock- 
Taussig shunt to be the shunt of choice in the 
neonate. 


224 


References 

1. Bernhard WF, Jones JE, Friedberg DZ, et al: As- 
cending aorta-right pulmonary artery shunt in in- 
fants and older patients with certain types of 
cyanotic congenital heart disease. Circulation 
43:580, 1971 

2. Daicoff GR, Aslami A, Victorica BW, et al: Ascend- 
ing aorta-to-pulmonary artery anastomosis for 
cyanotic congenital heart disease. Ann Thorac 
Surg 18:260, 1974 

3. Edmunds LH Jr, Fishman NH, Heyman MA, et al: 
Anastomoses between aorta and right pulmonary 
artery (Waterston) in neonates. N Engl J Med 
284:464, 1971 

4. Gazzaniga AB, Lamberti JJ, Siewers RD, et al: 
Arterial prosthesis of microporous expanded 
polytetrafluoroethylene for construction of 
aorta-pulmonary shunts. J Thorac Cardiovasc 
Surg 72:357, 1976 

5. Kaplan S, Helmsworth JA, Ahearn EN, et al: Re- 
sults of palliative procedures for tetralogy of 
Fallot in infants and young children. Ann Thorac 
Surg, 5:489, 1968 

6. Laks H, Castaneda AR: Subclavian arterioplasty 
for the ipsilateral Blalock-Taussig shunt. Ann 
Thorac Surg 19:319, 1975 

7. Laks H, Marco JD, Willman VL: The Blalock- 
Taussig shunt in the first six months of life. ] 
Thorac Cardiovasc Surg 70:687, 1975 


Ihe Annals ot 1horacic Surgery Vol 25 No 3 March 1978 


8. Neches WH, Naifeh J, Park SC, et al: Systemic- 
pulmonary artery anastomoses in infancy. Circu- 
lation 49,50:Suppl 3:71, 1974 

9. Newfeld EA, Waldman JD, Paul MH, et al: Pulmo- 
nary vascular disease after systemic- pulmonary 
arterial shunt operations. Am J Cardiol 39:715, 
1977 

10. Reid JM, Coleman EN, Barclay RS, et al: Blalock- 
Taussig anastomosis in 126 patients with Fallot's 
tetralogy. Thorax 28:269, 1973 

11. Stewart S, Mahoney EB, Manning J: The 

Waterston anastomosis with no deaths in the neo- 

nate. J Thorac Cardiovasc Surg 72:588, 1976 

Taussig HB, Crocetti A, Eshaghpour E, et al: 

Long-time observations on the Blalock-Taussig 

operation: II. Second operations, frequency and 

results. Johns Hopkins Med J 129:258, 1971 

Tay DJ, Engle MA, Ehlers KH, et al: Early results 

and late developments of the Waterston anas- 

tomosis. Circulation 50:220, 1974 

Truccone NJ, Bowman FO Jr, Malm JR, et al: 

Systemic—pulmonary arterial shunts in the first 

year of life. Circulation 69:508, 1974 

Waterston DJ, Stark J, Ashcraft KW: Ascending 

aorta-to-right pulmonary artery shunts: experi- 

ence with 100 patients. Surgery 72:897, 1972 

Willman VL, Barner HB, Mudd JG, et al: Superior 

vena cava-pulmonary artery anastomosis. J 

Thorac Cardiovasc Surg 67:380, 1974 


12. 


13. 


14. 


ES; 


16. 


Notice from the Southern Thoracic Surgical Association 


The Twenty-fifth Annual Meeting of the South- 
ern Thoracic Surgical Association will be held at 
the Marco Beach Hotel, Marco Island, FL, on 
Nov 2-4, 1978. Please note the changes both in 
meeting site, initially given as Bermuda, and in 
date, originally scheduled for Nov 9-11, 1978. 
There will be a $100 registration fee for non- 
member physicians except for guest speakers, 
authors and coauthors on the program, and resi- 
dents. | 

Members wishing to participate in the scien- 
tific program should submit abstracts in tripli- 
cate, by June 1, 1978, to Harvey W. Bender, Jr., 
M.D., Department of Surgery, Vanderbilt Uni- 
versity, Nashville, TN 37203. Abstracts should 


be double-spaced on one side of one sheet of 
paper, with a 1-inch left margin, and limited to 
200 words. All slides used during the presenta- 
tion must be 35 mm. The abstract must list a 
member as coauthor. Manuscripts of accepted 
papers must be submitted to The Annals of 
Thoracic Surgery by Oct 15, 1978. 

Applications for membership should be com- 
pleted by Sept 1, 1978, and forwarded to Ronald 
F. Galloway, M.D., 1467 HarperSt, Augusta, GA 
30902. 


J. Kent Trinkle, M.D. 
Secretary- Treasurer 
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measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
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respond to therapy. A report of “resistant” indicates that the infect- 
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mediate susceptibility" suggests that the organism would be 
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tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol., 
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Growth after Surgical Repair 
of Simple D-Transposition of the Great Arteries 


Robert J. Levy, M.D., Amnon Rosenthal, 
and Alexander S. Nadas, M.D. 


ABSTRACT The effect of the Mustard procedure on 
growth was assessed in 45 patients with simple 
p-transposition of the great arteries (DTGA) surviv- 
ing for at least one year after operation. Growth fail- 
ure (below the third percentile for height, weight, or 
both) was found in 25 of the 45 patients preopera- 
tively and in 8 patients postoperatively. 

The principal factors associated with poor growth 
before repair were advancing age, increased pulmo- 
nary and systemic flow, and subpulmonic stenosis. 
In those patients without postoperative growth fail- 
ure, growth had returned to the normal range within 
two years. All patients with retarded growth after the 
Mustard procedure had had preoperative growth 
failure as well. In addition, all 8 patients with post- 
operative growth failure had one or more major 
residual hemodynamic abnormalities, whereas re- 
sidual lesions were present in only 10 of the 37 pa- 
tients with normal postoperative growth. 


Simple transposition or D-transposition of the 
great arteries with an intact ventricular septum 
(DTGA) is a severe cardiac malformation that 
results in poor somatic growth [7, 14, 15]. The 
uniformly severe hypoxemia and increased pul- 
monary blood flow in DTGA [18, 19] are probably 
the major factors responsible for the growth dis- 
turbance. Apparently the subnormal height and 
weight status in these patients is not influenced 
by intrauterine growth retardation since the birth 
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weight distribution in this group is normal [12]. 
Similarly, accompanying congenital malforma- 
tions likely to impair growth are infrequently as- 
sociated with DTGA [8]. Successful surgical re- 
pair of the cardiac lesion with the Mustard 
procedure results in normal hemodynamics [3, 
17], and preliminary reports suggest that growth 
may also improve after repair [7, 14]. 

The purpose of the present study was to de- 
termine the growth pattern in patients with 
DTGA before and after the Mustard procedure. 
Specifically, we addressed ourselves to the fol- 
lowing questions: (1) How does the postnatal 
growth status of patients with DTGA prior to 
repair differ from the normal pattern? (2) Is there 
improvement in growth status after the Mustard 
operation, and over what period of time does it 
occur? (3) What are the relevant factors that in- 
fluence growth before and after surgical repair? 


Methods 


The records of all patients followed at The Chil- 
dren's Hospital Medical Center, Boston, with the 
diagnosis of simple DTGA were reviewed. Chil- 
dren who had survived the Mustard operation to 
at least one-year follow-up were selected and 
their growth with respect to height and weight 
was analyzed. Head and chest measurements 
were not available. Relevant clinical, laboratory, 
and physiological data were reviewed. All pa- 
tients had undergone preoperative cardiac 
catheterization and 33 of the 45 had postopera- 
tive catheterization. The 12 patients without 
postoperative cardiac catheterization were clini- 


cally thought to have excellent repairs. All pa- 


tients had had balloon atrial septostomy or surgi- 
cal septectomy prior to the Mustard operation. 
Eight of them had associated subpulmonic 
stenosis (systolic gradient = 50 mm Hg). 

The growth status of the patients with DTGA 
was assessed by utilizing the Stuart and Reed 
[20] growth charts from the Children's Hospital 
Medical Center, Boston. For the purposes of the 
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present study, growth failure was defined to be 
height, weight, or both below the third percentile 
for chronological age. 

The data were analyzed according to the chi- 
square statistic with the Yates correction when 
indicated. Group f testing was used to compare 
categories whenever appropriate. 


Results 

Forty-five patients with DTGA were studied 
(Table 1). The mean birth weight of the study 
population was 3.25 kg (range, 2.3 to 3.9 kg). 
None of the patients had extracardiac anomalies. 

PREOPERATIVE GROWTH STATUS. The study 
population had markedly impaired growth for 
both height and weight (Fig 1, Table 1). Growth 
failure was present in 25 of the 45 patients (55%) 
prior to the Mustard operation (p < 0.001). Ten 
of these 25 patients were below the third percen- 
tile for both height and weight, 10 were below 
that percentile for weight only, and 5 were below 
it for height alone. 

POSTOPERATIVE GROWTH STATUS. Height and 
weight for the patients with DTGA had im- 
proved significantly as of the latest postopera- 
tive follow-up (Table 1, Fig 2). All 37 patients 
without delayed growth at the latest follow-up 
had returned to a normal distribution about the 
median within two years after repair (Fig 2). 
Among these 37 patients the catch-up in growth 
was even more striking in the 17 patients with 
preoperative growth failure evaluated at one 
year. Of these 17, 16 (43 % of the 37) had achieved 
a normal growth pattern (Fig 2). 
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Fig 1. Height and weight according to percentile range for 
45 patients with simple transposition before and after Mus- 
tard repair. After operation, height status improved sig- 
nificantly (x? = 9.5; p < 0.01) as did weight status (x? = 
29.1; p « 0.001); 


Eight patients had persistent postoperative 
growth failure; 4 of these were below the third 
percentile for height and weight and 4 were 
below the third percentile for weight alone. 

FACTORS AFFECTING GROWTH. The chief fac- 


Table 1. Growth Before and After Mustard Operation in Patients 


with Simple Transposition of the Great Arteries 


I ——————————————————————————D 


Median Height 


Percentile 


Median Weight 


Percentile Growth Failure* 





Age at Repair Follow-up 
(yr) Period (yr) 
No. of 
Category Patients Mean Range Mean Range 
All patients 45 2.0 0.25-8.5 25°" 1-8 
Sex 
Male 27 2.0 0.25-8.5 3.1 1-8 
Female 18 2.0 0.5-4.3 23 1-6.3 
Palliation 
Septostomy 15 1.5 0.25-2.6 1.9 1-8 
Septectomy 30 2.4 0.6-8.5 3.3 1-7.1 
Repair 
Hy potheriaia 15 M 0.25-2.25 1.6 1-3.8 
Normothernua 27 2.5 1.2-8.5 3.6 1-8 








Preop 


Preop Postop Preop Postop Postop 
3-10 25-50 3 10-25 25^ (55%) 8" (17%) 
3-10 25-50 3 10-25 14^ . (52%) 5^ (1896) 
3—10 25-5 3 10-25 11^ (51956) 3 (17%) 
3-10 25-50 3 10-25 7^ (47%) 1 (7%) 
3—10 25-50 3 10-25 j8" (6096) 7” (23%) 

25-50 25-50 10-25 25- 34 7"* (38%) 2 (11%) 
3-10 25-50 3 10-25 18" (66%) 6^ (22.2%) 


- — HA i nr— A —ÁÜ—Í———— ——u€—Á— —  ——— MÀ MMC —n HÀ i —iÁ——n————————— 


' iow third percentile for height weight, or both. 


*Number ct patients 
à d in New England population: p < 0.001. 


"C. parson to p 
wison be 


perative growth failure in patients with hypothermic circulatory arrest versus normothermia: p - 


0.05 
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Fig 2. Growth status of 37 patients without postoperative 
growth failure before and after Mustard repair. Catch-up 
growth, for both height and weight, was achieved within 
two years after repair. 


tors associated with preoperative growth retar- 
dation were age, subpulmonic stenosis, and in- 
creased pulmonary and systemic flow. The effect 
of advancing age on preoperative growth failure 
in patients with DTGA is shown in Figure 3. 
There was marked deterioration with time. 
Weight initially was more severely affected than 
height, but by 3 years of age the discrepancy was 
no longer evident. Preoperative growth failure 
was significantly related to increased pulmonary 
and systemic blood flow (Table 2). In addition, 7 
of the 8 patients with subpulmonic stenosis had 
preoperative growth failure; this represented a 
significantly greater incidence than occurred in 
the rest of the patients (x? = 9.1; p < 0.001). The 
weight status of patients managed by atrial sep- 
tectomy or Mustard operation using normo- 
thermic cardiopulmonary bypass was relatively 
poorer preoperatively, reflecting significantly 
older age at repair (p < 0.001). There were no 
important physiological differences related to 
type of palliation or choice of repair. 


Postoperative growth failure was strongly as- 
sociated with preoperative growth failure, re- 
sidual lesions, and older age at repair. All 8 pa- 
tients with postoperative growth failure had had 
subnormal growth preoperatively, and in addi- 
tion, as a group they underwent the Mustard 
operation at a significantly older mean age (3.2 
versus 1.7 years; p = 0.01). The 8 patients with 
persistent growth failure after the Mustard oper- 
ation all had major residual lesions (Table 3). The 
incidence of specific residual lesions was signifi- 
cantly higher in patients with than in those with- 
out postoperative growth failure (x? = 10.8; p < 
0.001). 


Comment 


The study indicates that patients with DTG A and 
normal antenatal growth develop subnormal 
growth in the postnatal period that deteriorates 
with advancing age. Delayed growth is as- 
sociated with increased pulmonary and systemic 
flow, usually manifested clinically by congestive 
heart failure. It is unrelated to the severity of 
arterial desaturation. Surgical repair with the 
Mustard operation results in return to normal 
growth within one to two years unless major 
residual lesions are present. 

The few previous reports on growth of patients 
with DTGA [7, 14, 15] are inconclusive because of 
the small size of the populations studied [7], 
grouping together of simple and complex lesions 
[7, 14, 15], orlack of information on postoperative 
results [15] or postoperative hemodynamic as- 
sessment [7]. Mehrizi and Drash [15] studied the 
height and weight of 83 patients with transposi- 
tion, including complex cases as well as patients 
with intact ventricular septum. They found 62 
(75%) to be below the sixteenth percentile for 
height and 65 (79%) below that percentile for 
weight. The operative status of these patients 
and factors responsible for the delayed growth 
were not assessed. Feldt and associates [7] re- 
ported on 9 postoperative patients with trans- 
position who improved in mean weight from 
—2.1 to —1.5 standard deviations (SD) and in 
mean height from —2.3 to —1.3 SD. Mair and 
colleagues [14] reported accelerated growth after 
operation in patients with transposition. Post- 
operatively, 45 of 49 patients (92%) were in "ex- 
cellent or good" physical cond’ ^n. Detailed 
growth status and factors affec wth 
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Fig 3. Influence of advancing age on growth in children 
with simple transposition prior to repair with Mustard pro- 
cedure. By age 3 years, 80% of the children were below the 
third percentile for height and 90% were below the third 
percentile for weight. 


not evaluated. The present study confirms the 
suggestions made by previous investigators and 
establishes the beneficial effect on growth of 
successful repair with the Mustard procedure. 
Cardiac operations for various congenital heart 
diseases have generally been held to be of uncer- 
tain benefit to postoperative growth. While some 
authors have found that operation helps growth 
[7, 10, 15], several other studies have shown no 
significant improvement in growth after defini- 
tive cardiovascular operations [1, 2, 5, 6, 22]. The 
discrepancy in postoperative results may be 
partly attributed to the fact that these studies 
were based on a small number of patients with a 
wide spectrum of hemodynamic abnormalities 
and included patients with intrauterine growth 
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retardation [6, 23] and extracardiac anomalies [2, 
5, 6]. The present study analyzed both preopera- 
tive and postoperative growth in patients with 
well-defined lesions, with normal birth weight 
distribution, without extracardiac anomalies, 
and with relatively uniform hemodynamics. Our 
findings clearly show that, all other factors being 
favorable, correcting the abnormal cardiovas- 
cular hemodynamics can improve abnormal 
growth in patients with DTGA. 

The principal factors resulting in preoperative 
growth failure in the present study—age, in- 
creased pulmonary- systemic flow, and subpul- 
monic stenosis—have been studied to some ex- 
tent in patients with other lesions. While a gen- 
eral decline in growth with advancing age is 
noted in patients with many types of congenital 
heart disease [15, 16, 23], the specific time course 
has not been previously documented. Conges- 
tive heart failure is known to be associated with 
poor growth in patients with ventricular septal 


Table 2. Preoperative Physiological Data and Growth (mean + standard error) 


L M —— ———————————— 


Mean Mean 
No. of Age Sao, PAP SFI Ra PFI | 
Growth Status Patients (yr) (96) (mm Hg) (L/min/m*) (L/min/m?) 
Growth failure 25 29 69 + 2 131 5.4 + 0.6? 117 2 12> 
Normal 20 17 69 + 2 153 3.8 X 0.3% 7.321; 
Totai AS 2.0 69 ] 14 * 2 4.6 t 0.4 95-1. 


OG A LL a LLL LLL M ÍQ 








Significance of comparison between groups: 4p = 0.025 (i = 2.40); by = 0.05 (t = 2.15). 


Sao, = systemic oxygen saturation; PAP = pulmonary artery pressure; SFI = systemic flow index; PFI = puimonary flow 


index. 
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Table 3. Sequelae of Mustard Operation 
for Simple Transposition in 45 Patients 











Growth Normal 
Factor Failure Growth 
Total no. of patients 8 37 
Age in years (mean 3.2 (+ 0.41) 1.9 (+ 0.24) 
+ standard error) 
No. with residual 8 10 
abnormality 
Type of residual 
abnormality 
Subpulmonic stenosis 4 4 
Complete heart block 2 0 
Sick sinus syndrome 1è j^ 
Complete SVC 2 3 
obstruction 
Atrial left-to-right I" 0 
shunt 
Coarctation of aorta 0 1 
Sudden death 0 I 
@Pacemaker. 


"Pulmonary-systemic flow ratio, 4:1. 
‘Died seven years after repair. 


SVC = superior vena cava. 


defect [16] and patent ductus arteriosus [10, 24], 
but attempts to establish the physiological basis 
for these observations have been inconclusive [9, 
11, 22]. The response to repair in the present 
study suggests that successful physiological cor- 
rection of the cardiovascular hemodynamics im- 
proves retarded growth and therefore implies 
that marked growth impairment is caused by 
increased pulmonary flow and failure. 

Interestingly, preoperative growth distur- 
bance in the patients with DTGA was not directly 
related to the severity of cyanosis. The mean 
systemic oxygen saturations measured in pa- 
tients who had preoperative growth failure and 
those who did not were virtually identical. Simi- 
larly, Linde and co-workers [13] found poor 
growth to be associated with the presence rather 
than the degree of cyanosis. In adolescent cya- 
notic patients, systemic oxygen saturation has 
been shown to correlate with delayed bone age 
[25]. The absence of a relationship between 
stature and systemic oxygen saturation in our 
patients is not surprising because none were 
adolescents. 

Subpulmonic stenosis was strongly associated 
with preoperative growth failure and was th 


most common residual lesion in the group with 
continuing growth failure after the Mustard op- 
eration. The mechanisms by which subpulmonic 
stenosis and certain other residual lesions con- 
tribute to postoperative growth failure in the 
study patients have not been well established. 
Valvular pulmonic stenosis has been observed in 
association with delayed growth [15], and so has 
complete heart block [21], found in several pa- 
tients after the Mustard repair. Similarly, no clear 
mechanism is known for an adverse growth ef- 
fect of the sick sinus syndrome or vena caval 
obstruction, but anorexia probably plays a part in 
causing growth failure in these conditions [1]. 

Sex, repair by hypothermic circulatory arrest, 
and type of surgical palliation had no measurable 
influence on growth in our study. Investigations 
of patients with other congenital cardiac lesions 
have shown growth to be more severely affected 
in males than in females [2, 13, 15, 23]. Clearly 
this is not the case in patients with DTGA. Fur- 
thermore, the normal growth observed after re- 
pair utilizing deep hypothermia in our patients is 
similar to the growth data obtained by Clarkson 
[4] in patients with large left-to-right shunts re- 
paired by a similar technique. 

The results of this study lead to the following 
conclusions concerning management of DTGA: 
(1) Early Mustard repair is advisable since growth 
status in this lesion deteriorates with age, and 
growth failure before the operation predisposes 
to postoperative growth failure. Furthermore, 
deep hypothermia was not associated with any 
deleterious growth effects in the present study. 
(2) Abnormal postoperative growth by one to 
two years after the repair is an indication to per- 
form cardiac catheterization since all patients 
with postoperative growth failure in the present 
study had significant residual lesions. 
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CASE REPORTS 


Tracheal Compression by the Aortic Arch 
Following Right Pneumonectomy in Infancy 
R. Szarnicki, M.D., K. Maurseth, M.D., M. de Leval, M.D., and J. Stark, M.D. 


ABSTRACT Uneventful pneumonectomy was car- 
ried out in a 10-month-old infant for hypoplastic right 
lung associated with esophageal origin of the right 
main bronchus. Eight months after operation, symp- 
toms of tracheal compression began. This compres- 
sion was due to the aortic arch, which was stretched 
across the lower trachea following the displacement 
of the heart to the posterior right chest after 
pneumonectomy. Successful relief of the airway 
obstruction was achieved by inserting a 20 mm woven 
Dacron graft between the ascending and the descend- 
ing aorta, with division of the aortic arch between the 
left carotid and the left subclavian arteries. An aor- 
togram performed two years after operation con- 
firmed good patency of the graft and normal flow 
through the descending aorta. The child remains well 
two years after operation but continues to have mild 
residual tracheomalacia and limited exercise toler- 
ance, compatible with the presence of only one lung. 


The patient was the product of full-term preg- 
nancy which had been complicated by “flu” dur- 
ing the third month of gestation. Because of 
cephalopelvic disproportion, delivery was by 
cesarean section. Birth weight was 3,300 gm. A 
chest roentgenogram was interpreted as show- 
ing agenesis or hypoplasia of the right lung and 
a hemivertebra in the thoracic spine. The 
neonatal period was complicated by Klebsiella 
septicemia and neonatal hypocalcemia. Angiog- 
raphy at the age of 6 weeks showed dextrocardia 
with a hypoplastic right pulmonary artery hav- 
ing a right lower lobe branch vessel as its main 
component and bronchial vessels to the right 
upper lung field. Recurrent febrile illnesses re- 
quired repeated hospitalizations during the first 
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eight months of life. At 9 months of age this child 
was referred to the Thoracic Unit for further in- 
vestigation and treatment. 


Physical Examination and Hospital Course 


Physical examination showed a well-looking baby 
girl with only slightly retarded developmental 
milestones for age. Temperature was 36.4°C. 
Ears, nose, and throat were clear. There was no 
evidence of cyanosis or respiratory distress. 
There was slight prominence of the left 
hemithorax with normal breath sounds. Absent 
breath sounds were noted in the right 
hemithorax. Heart rate was 140 per minute and 
regular, and respirations were 40 to 50 per min- 
ute. The apical impulse was to the right of the 
sternum with a soft systolic murmur at the base. 
Abdominal examination was normal. There was 
no peripheral cyanosis or edema, and peripheral 
pulses were palpable and equal. Hemoglobin 
was 12 gm per 100 ml, and the white blood cell 
count was 26,000. Erythrocyte sedimentation 
rate was 18. Urine and sputum cultures were 
negative. An electrocardiogram was suggestive 
of right ventricular hypertrophy or dextrocardia. 

Recurrent fever began later on the day of ad- 
mission, and penicillin was started. Tempera- 
ture spikes subsided over the next 72 hours. The 
white blood cell count decreased to 13,000. A 
chest roentgenogram showed a distended 
esophagus and an abnormal air bronchogram to 
the right of the spine. Barium swallow revealed a 
branching bronchial system arising from the 
distal third of the esophagus on the right pos- 
terolateral aspect (Fig 1). A tracheobroncho- 
gram demonstrated absence of the right main 
bronchus. 

At 10 months of age a right pneumonectomy 
was carried out. At operation one pulmonary 
artery and one pulmonary vein were identified. 
The esophageal bronchus was divided and the 
prox’ , of tran.’ Was oversewn. The postopera- 
tiv  ediatric pati neventful, and the patient was 

+. Clarkson PM: € »n the eleventh postoperative 
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Fig 1. Barium swallow examination reveals 
esophageal bronchus arising from right 
posterolateral aspect of esophagus. 


day. A perfusion lung scan one month post- 
operatively revealed normal flow to the left lung. 
Six months after operation she was well, al- 
though a chest roentgenogram revealed hernia- 
tion of the heart into the right hemithorax with 
hyperinflation of the left lung. Over subsequent 
months she gradually developed stridor and re- 
current upper respiratory tract infections as- 
sociated with mild to moderate cyanosis. Symp- 
toms became so severe that the child was kept in 
an oxygen tent at home, and she stayed in the 
hospital at night for observation because of the 
fear of complete tracheal obstruction. In spite of 
these difficulties she underwent an uneventful 
appendectomy in 1974 at the age of 4 years. 
Because of increasing symptoms later in 1974, 
further investigation was undertaken. On lateral 
roentgenograms, marked compression of the 
lower trachea against the vertebrae could be 
seen, and it was believed that this was caused by 
the aortic arch (Fig 2). Therefore an angiocar- 
diogram was carried out on December 4, 1974. 
The angiocardiogram showed that the heart was 
located posteriorly iñ the right chest and that the 
aortic arch, lying between the lefi carotid and the 
left subclavian arteries, compressed the lower 
part of the trachea. The pulmonary artery was 
situated in a horizontal plane across the midline 


(Fig 3). Bronchoscopy confirmed severe narrow- 


Fig 2. Lateral roentgenogram showing tracheal com- 
pression (between arrows) at level of horizontal aor- 
tic arch. 


ing of the trachea and anterior arterial pulsa- 
tions. These findings were thought to be com- 
patible with those seen in a patient following 
pneumonectomy and may be partly explained 
by a softer lower trachea. 

It was concluded that this child suffered from 
severe tracheal compression caused by the arch 
of the aorta. The mechanism of compression was 
obviously herniation of the heart to the right and 
posteriorly so that the aortic arch and main pul- 
monary artery were lying completely in the 
horizontal plane. Various operative approaches 
were considered, and it was finally decided to 
treat this child with a bypass graft from the as- 
cending to the descending aorta with interrup- 
tion of the aortic arch between the left carotid 
and the left subclavian arteries, thus relieving 
this unusual vascular compression. 

Operation was performed in April, 1975, 
when the patient was 5 years 4 months old. 
By means of a midline sternotomy, the aorta, 
brachiocephalic vessels, and pulmonary artery 
were dissected. The descending aorta could be 
reached through this approach so that the 
planned additional left thoracotomy was found 
unnecessary. An attempt to place a partially 
occluding clamp on the descending aorta was 
unsuccessful because of the small diameter of 
this vessel. Complete occlusion of the aorta 
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Fig 3. (A) Injection of contrast material into the right 
ventricle shows the pulmonary artery stretched horizon- 
tally. (B) Injection into the left ventricle shows that the 
aortic arch lies transversely across the mediastinum. 


caused severe proximal hypertension with a sys- 
tolic pressure greater than 200 mm Hg. It was 
therefore decided to use a temporary shunt be- 
tween the ascending and the descending aorta. 

The patient was heparinized (1 mg per kilo- 
gram of body weight). A 3 mm angled metal 
cannula was inserted into the ascending aorta. 
One-fourth inch (6 mm) tubing was used as a 
bypass conduit without the aid of a roller pump. 
A 3 cm segment of descending aorta was isolated 
between two Potts vascular clamps proximal to 
the cannulation site. A preclotted 20 mm woven 
Dacron graft was then sutured to the aortotomy 
in the excluded segment of the descending aorta. 
When this anastomosis was completed, a clamp 
was placed on the graft, and the aorta was un- 
clamped. The bypass circuit was then disman- 
tled. A partially occluding clamp was applied to 
the ascending aorta. The positioning of this 
clemp was critical because of the difficulty in 
avoiding occlusion of either the left coronary 
artery or the innominate artery. The graft was 
then brought in front of the left hilum, and an 
appropriate-sized aortotomy was made in the 
excluded segment. Anastomosis to the ascend- 
ing aorta was completed with a continuous su- 
ture of 5-0 Prolene (Fig 4). Air was evacuated 
from the graft by a needle vent. After completion 
of this procedure, vascular clamps were applied 


on the aortic arch between the left carotid artery 
and the left subclavian artery. The aortic arch 
was then divided, and both ends were oversewn 
(Fig 5). When the clamps were removed, the 
trachea was noted to be completely freed. 

The postoperative course was uneventful, and 
she was discharged home twelve days after op- 
eration with no evidence of stridor or respiratory 
distress. In December, 1975, she was seen for 
follow-up and was growing normally with im- 
proved exercise tolerance. There was no evi- 
dence of dyspnea, stridor, or cyanosis. 


Fig 4. The completed operation. The conduit lies 
anterior to the left hilum. The aorta has been 
transected between the left carotid and left 
subclavian arteries. 
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Fig 5. Operative view of proximal conduit and 
transected aorta. (pAo = proximal aortic suture line; 
dAo - distal aortic suture line; CA — carotid 

artery.) 





Fig 6. Postoperative retrograde aortogram. The catheter 
is advanced from the femoral artery through the descend- 
ing aorta and conduit into the ascending aorta. Head ves- 
sels and the conduit are filling well. 


She was seen again in November, 1976, at 
which time she remained well except for de- 
creased exercise tolerance during vigorous phys- 
ical activity. An aortogram was performed to 
check the patency of the graft. Aortic root injec- 
tion showed rapid filling of the Dacron conduit 
and smooth flow into the descending aorta 
without evidence of anastomotic obstruction 
(Fig 6). There was an area of narrowing at the 





origin of the left subclavian artery in the region 
of the distal suture line at the site of aortic tran- 
section, seen when the left subclavian artery filled 
from the descending aorta during aortic root in- 
jection. There was no evidence of direct com- 
pression of the tracheal lumen. In January, 1977, 
pulmonary function studies revealed a low 
maximum ventilatory volume, and body 
plethysmography showed high airway resis- 
tance (12.4 cm H,O per liter per second). Er- 
gometric testing at a heart rate of 125 beats per 
minute produced marked stridor. It is possible 
that the wall of the trachea was permanently 
damaged by the longstanding obstruction. 
Roentgenographic examination of the trachea 
showed slight narrowing at the site of the previ- 
ous stenosis. No collapse of the trachea could be 
demonstrated during hyperventilation. 


Comment 


Tracheal compression by intrathoracic vascular 
structures has been clearly defined and 
classified. A rational approach to preoperative 
investigation and surgical management has 
been established [2, 3, 6, 7]. Bronchopulmonary 
anomalies associated with foregut malforma- 
tions have been described previously and are 
not discussed in this report. 

Tracheal compression due to displacement of 
mediastinal structures is an unusual problem. 
Agenesis of the lung is always associated with 
mediastinal shift, but we could find only one 
case in which tracheal compression was a factor 
requiring surgical intervention. Harrison and 
Hendren [4] in 1975 reported a patient with 
agenesis of the right lung associated with com- 
pression of the left main bronchus by the aortic 
arch. There was associated bronchomalacia of 
the proximal left main bronchus. A sleeve resec- 
tion of the bronchus and suspension of the aortic 
arch to the back of the sternum were carried out. 
This procedure failed to relieve the compres- 
sion, and at a second procedure a Dacron graft 
was inserted in the aorta just distai to the left 
subclavian artery. This technique permitted an- 
terior displacement of the aortic arch with relief 
of the compression. ihe patient died of sepsis 
and disruption of the bronchial anastomosis one 
week postoperatively. 

Surgeons continue to recommend limited pul- 
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monary resection in infants to preserve the max- 
imum amount of functioning lung tissue [5, 
9,10]. Pneumonectomy inthis age group is rarely 
necessary since the advent of effective antimi- 
crobial therapy. Extensive experience and long- 
term follow-up are unavailable. Sery and as- 
sociates [10] reported sequelae of pneumonec- 
tomy in 15 children. Only 1 child was younger 
than 1 year at the time of operation. In none of 
their patients was postoperative tracheal com- 
pression by vascular structures encountered, al- 
though mediastinal displacement toward the 
operated side was seen in all. Park and as- 
sociates [8] referred to 1 patient who developed 
compression of the left main bronchus following 
right pneumonectomy. At operation the left 
pulmonary artery was found to be stretched 
across the bronchus owing to displacement of 
the heart into the right hemithorax. The pulmo- 
nary artery was sutured to the back of the ster- 
num with little improvement. At a third opera- 
tion the right hemithorax was filled with acrylic 
plastic balls. The patient survived the proce- 
dure, but the long-term result was not reported. 

Methods employed in the adult population to 
prevent complications of pulmonary resection 
have not been employed extensively in pediatric 
patients. Thoracoplasty in children causes se- 
vere progressive musculoskeletal deformity [10] 
and should be avoided. Methods recommended 
for the prevention of cardiac herniation as sum- 


marized by Dippel and Ehrenhaft [1] may be 
effective in preventing hemodynamic disturb- 
ances but are unlikely to prevent airway com- 
pression as encountered in our patient. 
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Posterior Ventricular Aneury 
itation, and Rupture of the 


Severe Mitral Re 


Left Ventricle after Acute Myocardi 


sm, 


Infarction: 


Six-Year Survival after Surgical Correction 


Phillip N. West, M.D., Richard C. Shaw, M.D., 


and Clarence S. Weldon, M.D. 


ABSTRACT Posterior ventricular aneurysm and se- 
vere mitral regurgitation due to acute myocardial in- 
farction are rarely recognized during life. This report 
describes the successful surgical treatment of a pa- 
tient with this combination of lesions who at opera- 
tion was found to have rupture of the left ventricle as 
well. Aneurysmectomy, mitral valve replacement, 
and coronary artery bypass were performed with a 
gratifying late result. Aggressive investigation of 
patients with hemodynamic deterioration after poste- 
rior myocardial infarction may identify surgically 
correctable mechanical complications. 


Massive posterior myocardial infarction fre- 
quently compromises the blood supply of the 
posterior papillary muscle [7]. Severe mitral re- 
gurgitation superimposed on the acute infarc- 
tion often results in severe left ventricular failure 
and early death. Thus posterior ventricular 
aneurysms are infrequently recognized during 
life. In a series of 400 patients with ventricular 
aneurysm who were treated surgically, fewer 
than 3% of the lesions were posterior (dia- 
phragmatic) in location [10]. Furthermore, of the 
10 patients with chronic posterior ventricular 
aneurysm described in detail by Loop and as- 
sociates [11], none had associated damage to the 
mitral valve mechanism, suggesting that a selec- 
tive factor accounted for their survival of the 


acute infarction. 
Cardiac rupture is also a highly lethal com- 


plication of myocardial infarction and usually oc- 
curs at the edge of a large transmural anterior 


From The Department of Surgery, Division of Cardiothoracic 
Surgery, Washington University School ef Medicine, St. 
Louis, MO. 


We are grateful to Roberi E. Ringrose. M.D., for follow-up 
information and chest roentgenogratnas. 

Accepted for publication Aug 15, 1977. 

Address reprint requests to Dr. Weldon, Division of Car- 
diotheracic Surgery, Washington University School of 
Medicine, 4960 Audubon Ave, St. Louis, MO 63110. 


^ ——— 


236  0005-4975/78/0025-0311801.00 (C 


infarct [6]. Rarely does the patient survive long 
enough to allow an attempt at surgical correction 
iL, 5, 91. 

This report summarizes the successful surgical 
management of a patient with acute posterior 
myocardial infarction, left ventricular aneurysm 
formation, mitral regurgitation, and eventual 
rupture of the left ventricle. 


A 44-year-old man without a previous history 
of cardiovascular disease was admitted to the 
coronary care unit of Barnes Hospital in April, 
1971, because of chest pain. Electrocardiogram 
showed diaphragmatic, posterobasal, and lateral 
myocardial infarction. A pericardial friction rub 
appeared on the second hospital day and per- 
sisted for ten days. Arterial hypotension of 80 to 
90 mm Hg, low urine output, and mental confu- 
sion on the second and third hospital days im- 
proved without inotropic agents. Two weeks 
after admission the electrocardiogram demon- 
strated persistent S-T segment elevation in leads 
II, III, and aVr. Tachycardia and a new harsh 
apical systolic murmur belied clinical improve- 
ment. A chest roentgenogram three weeks after 
admission demonstrated cardiomegaly, pul- 
monary edema, and possible posterolateral 
aneurysm formation. 

In spite of vigorous medical therapy with di- 
goxin and furosemide, left ventricular failure 
rapidly progressed to the point of overt pulmo- 
nary edema with dyspnea at rest. Urgent cardiac 
catheterization and cineangiography were per- 
formed five weeks after admission. Left ventricu- 
lar end-diastolic pressure had reached 27 mm 
Hg, and pulmonary artery and right heart pres- 
sures were correspondingly high. Cardiac index 
was 1.6 liters per minute per square meter of 
body surface area. Left ventricular angiography 
demonstrated a large posterolateral aneurysm 
that moved paradoxically (Figure). Slow wash- 
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Left ventriculogram, diastolic phase, with line interpreta- 
tion. A large posterior aneurysm is demonstrated; its in- 
ferior and posterolateral margins are indicated by dotted 
lines in the drawing. The ventricular apex beyond the 
aneurysm contracted normally. Thre left atrium is filled 
with contrast medium because of mitral regurgitation. 
(LA = left atrium; LV = left ventricle; Ao = aorta.) 


out of contrast medium from the aneurysm was 
observed. Moderately severe (3+) mitral insuffi- 
ciency was present. Coronary angiograms dem- 
onstrated a dominant left coronary system with 
origin of the posterior descending artery from the 
circumflex coronary artery. The midportion of 
the circumflex artery was diffusely narrowed; 
marginal and posterior ventricular branches 
were not visualized and were presumed to be 
occluded. A large portion of the posterior ven- 
tricular wall, corresponding in location to the 
aneurysm, was avascular. A 50% proximal oc- 
clusion of the left anterior descending coronary 
artery and an 80% proximal occlusion of the di- 
minutive right coronary artery were seen. 

The patient was returned to the coronary care 
unit, but emergency surgical intervention was 
prompted by tachycardia and hypotension to 
80 mm Hg four hours after catheterization. 
Cardiopuimonarv bypass with moderate hypo- 
thermia was established between the right 
atrium and the ascending aorta. Pericardial 
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adhesions were sharply divided. As the heart 
was elevated out of the pericardium, the poste- 
rior pericardial cavity was seen to contain liquid 
and clotted blood. Most of the posterior wall of 
the left ventricle appeared necrotic. There was 
active bleeding from the left ventricular cavity. 
Although elevation of the heart no doubt further 
damaged the thin and friable infarct, the large 
amount of clotted blood contained posteriorly 
by pericardial adhesions indicated that the left 
ventricle had ruptured, probably only hours be- 
fore operation. The aorta was immediately 
cross-clamped and the left ventricular cavity was 
evacuated by blood by a suction tip introduced 
through the disrupted posterior wall. A large 
segment (10 x 15 cm) of necrotic left ventricular 
wall was resected. About one-half the circum- 
ference of the left ventricle was thus removed. 
Inspection of the interior of the ventricle re- 
vealed infarction of the posteromedial papillary 
muscle and extension of necrosis laterally to the 
base of the anterolateral papillary muscle. There- 
fore, the mitral valve was excised and replaced 
through the ventriculotomy with a medium- 
sized Beall valve. The remaining ventricular wall 
was closed with interrupted mattress sutures 
buttressed with Teflon felt. A reversed saphen- 
ous vein was inserted between the aorta and 
right coronary artery. The operation was com- 
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plicated only by persistent bleeding from 
pericardial adhesions over the surface of the 
ventricles, and this was finally controlled. The 
patient required support with inotropic agents 
for 36 hours, and mechanical ventilation was 
needed for five days. 

The patient has been asymptomatic since dis- 
charge except for bilateral partial median nerve 
palsies believed to be secondary to veni- 
punctures performed during his hospitalization. 
He resumed employment as an executive for a 
year and a half but currently is retired. According 
to his personal physician, the patient hunts regu- 
larly and is adding a room to his house himself. 
Current chest roentgenograms demonstrate 
normal heart size. 


Comment 


The association of posterior ventricular aneu- 
rysm or infarct and mitral regurgitation has 
been reported rarely in the surgical literature. 
Roe [14] described a patient who had posterior 
aneurysmectomy and mitral valve replacement 
and another who had excision of a dyskinetic 
posterior infarct and mitral valve replacement, 
but details on the course of these patients were 
not provided. A patient with mitral regurgitation 
and a posterior ventricular septal defect (VSD) 
was treated by Teflon patch closure of the defect 
and plication of the mitral valve ring [13]. Death 
occurred in the immediate postoperative period 
because of low cardiac output and was explained 
at postmortem examination by the additional 
findings of a chronic posterior aneurysm and 
posterior papillary muscle fibrosis. 

Attempts at correction of these defects in the 
early postinfarction period have met with some 
success. Buckley and associates [2] described a 
patient with inferior infarction and papillary 
muscle dysfunction who died following in- 
farctectomy, mitral valve replacement, and aor- 
tocoronary bypass performed less than one week 
after infarction. However, Crosby and co- 
workers [4] performed aneurysmectomy, closed 
a ventricular septal defect, and replaced the mi- 
tral valve two weeks after infarction in a patient 
who had a large posterior aneurysm, a small pos- 
terior VSD, andaruptured papillary muscle. The 
patient was reported well seven months after 
operation. Another recent report [8] described 


successful repair of ventricular septal perfora- 
tion, posterior ventricular aneurysm, and papil- 
lary muscle necrosis four weeks after infarction. 
Aneurysmectomy with inclusion of the VSD in 
the ventriculotomy closure, mitral valve re- 
placement through the ventriculotomy, and aor- 
tocoronary bypass were performed, and the 
patient was asymptomatic six months after 
operation. 

Surgical repair of a ruptured ventricle is rarely 
attempted because the patient usually dies 
quickly. Lillehei and co-workers [9] excised a 
ruptured anterolateral infarction; the patient 
survived for 37 days, when a new posterior rup- 
ture occurred. Infarctectomy | performed by 
Fitzgibbon and associates [5] resulted in survival 
of a patient in whom left ventricular rupture 
occurred 21 days after anterolateral and septal 
myocardial infarction. Abel and co-workers [1] 
recently reported successful surgical treatment 
of free rupture of an anterolateral left ventricular 
aneurysm occurring four weeks after an acute 
infarction. 

Posterior myocardial infarction may involve 
the ventricular septum, the posteromedial papil- 
lary muscle, or both. The relative frequency of 
posterior ventricular aneurysms in postmortem 
series (26 of 102 aneurysms studied by Schlichter 
and co-workers [17]) contrasts with the infre- 
quency of clinical recognition. This situation may 
be explained by early mortality resulting from the 
combined effects of acute infarction and ven- 
tricular septal perforation or massive mitral re- 
gurgitation [15, 16]. The lethality of this combi- 
nation of insults is further attested to by the 
absence of septal and papillary muscle involve- 
ment in all 10 patients with chronic posterior 
aneurysms reported by Loop and associates [11 J. 


Rupture of large posterior infarcts may also con- ^ 
tribute to early mortality [6]. In recent years, - E 


monitoring by coronary care units has favored 
earlier recognition of mechanical complications 
of acute myocardial infarction. Temporary cir- 
culatory support with intraaortic balloon pump- 
ing and urgent surgica! repair of these com- 
plications have met with some success, but the 
mortality remains high [2]. 

The relative contributions of the ventricular 
aneurysm and mitral! regurgitation to the severe 
left ventricular failure observed in our patient 


- 
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cannot be assessed easily. Certainly the paradox- 
ical bulging of the aneurysm interfered with left 
ventricular hemodynamics. The occurrence of 
papillary muscle necrosis rather than disruption 
probably accounted for the gradual, rather than 
abrupt, deterioration in the patient's condition, a 
clinical course originally described and explained 
by Burch and associates [3]. The mechanical de- 
fects and resultant profound left ventricular fail- 
ure exhibited by our patient prompted surgical 
intervention, and the late result has been gratify- 
ing. Aggressive investigation of patients with 
posterior myocardial infarction and hemody- 
namic deterioration may allow early diagnosis of 
mitral regurgitation or ventricular septal perfora- 
tion [12]. Surgical therapy may improve survival 
in patients with such lethal combinations of 
myocardial insults. 
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HOW TO DO IT 


The Trousers-Shaped Baffle 


for Use in the Mustard Operation 


Jan M. Quaegebeur, M.D., 


ABSTRACT The trousers-shaped baffle has been 
found very useful in intraatrial correction of transpo- 
sition of the great arteries. Reasons are given to explain 
the particular form of the patch, and details of the 
operative technique are described. 


Since 1965 we have operated on 105 patients 
with transposition of the great arteries, both 
simple and complex, using the technique de- 
scribed by Mustard [4]. Prior to that period sev- 
eral Senning operations [6] had been performed 
for the same condition; there was a high mortal- 
ity with that procedure, but it was caused by the 
methods of extracorporeal circulation in vogue 
at that time and lack of understanding of the 
patient’s perioperative condition rather than by 
the operative technique itself. However, the pa- 
tients surviving the operation did show an excel- 
lent hemodynamic result. For this reason one of 
us designed a patch for the Mustard operation 
which is a copy of the intraatrial anatomy en- 
countered during the Senning operation: a 
trapezoid midportion that represents the inter- 
atrial septum and two legs for the caval conduits. 

Since several authors have referred to this 
technique [1-3, 7, 8], we thought it would be 
useful to publish some technical details as well 
as their theoretical background. 


. Patch: Form and Principles 


The baffle used in our department is trousers 
shaped, consisting of a central trapezoid por- 
tion, the equivalent of the interatrial septum, 
and two legs for the caval veins. The procedure 
for inserting it is shown in Figure 1. 
First-of.all, the top of.the baffle has to be large 
enough to.be sutured above both left pulmonary 
veins:In infants aged less than 1 year the diame- 
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ter of one pulmonary vein in most instances 
varies between Hegar 6 and 7. In these cases the 
top of the patch should measure between 1.5 and 
2 cm. In larger children the patch should mea- 
sure about 2.5 to 3 cm. 

After the patch is inserted above the left pul- 
monary veins, the suture line is continued to 
the right; at this point it is essential that the patch 
spread out as far as the base of the two caval 
veins in order to create sufficient space for four 
pulmonary veins (Fig 1B). For this reason the 
central portion of the patch should have a 
trapezoid shape. 

The floor and the right lateral wall of the new 
right atrium will be formed by the midportion of 
the patch, whereas its left lateral wall will mainly 
consist of the patient’s mitral valve and a small 
strip of atrial wall extending from the anchoring 
point of the top of the baffle to the mitral an- 
nulus. This area should be large enough to ac- 
cept the blood coming from both caval veins, 
and therefore the height of the baffle should be 
approximately equal to the diameter of the mi- 
tral valve. If one starts suturing the top of the 
baffle in front of both left pulmonary veins, one 
should measure the distance between this point 
and the middle of the septal remnants between 
the mitral and tricuspid valves. This is nearly 
always 3.5 to 5 cm, and only in infants aged less 
than 1 year should the height of the baffle be 
diminished. - In other words, we find the 
dumbbell-shaped baffle unsatisfactory because 
it narrows the inflow pathway of systemic ve- 
nous return at the critical area where the 
bloodstream from the superior caval vein joins 
that from the inferior one. : 

Before tailoring the legs of the trousers, one 
should measure very carefully the circumference 
of the. corresponding caval vein. Since the at- 
rium does not provide much tissue for construct- 
ing the caval conduits, the width of each leg 
should be at least three-fourths of the corre- 
sponding caval circumference. Even in small in- 
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valvula Eustachii 


Fig 1. (A) Incision in the right atrium. After 
inspection of the interatrial anatomy, the 
incision is extended caudally toward the | 
attachment of the eustachian valve. If the caval 
veins are cannulated, this is done directly 
(outside the right atrium) in order to remove 
them from the operative field. 

(B) The atrial septal remnants are resected, 
and the raw surface is reendothelialized. The 
baffle is inserted by means of a continuous suture 
starting above the left pulmonary veins. Once 
the suture line is lateral to these veins it spreads 
out to the base of both caval veins; bringing these 
two suture lines too close together would impede 
pulmonary venous return.. 

(C) The baffle is then sutured to the septal 
remnants between the mitral and the tricuspid . 
annulus by starting in the middle and going to 
both caval ostia. The caudal part of the suture 
line stays behind the coronary sinus, which 
drains in the left atrium, and is then attached to 
the eustachian valve. Care is taken to trim the 
- caval conduits if necessary in order to avoid . 
wrinkling of the patch. 

(D) The placement of the baffle i is completed: 
patch enlargement of the new left atrium is'not 
necessary. 


should measure 2.5 cm (taking into account a 0.5 
cm loss of tissue during suturing). 

For the sake of.convenience, we designed 
three metal models: one for small infants, one for 
children of up to 2 years of age, and one for older 
children. The best way to cut the patch is to put 
the model upon the material one wishes to use 
and cut it with a knife. 


Evolution and Material 


The precise form of the baffle has its own small 
history. In the beginning the baffle was an exact 
copy of the interatrial flap constructed during 
the Senning operation (Fig 2A). Because the legs 
of the patch tended to fold when they were di- 
rected toward the caval ostia, the angulation be- 
tween the midportion of the patch and the legs 
was diminished in the actual model (Fig 2B). 
More recently, as we renewed our interest in 
the Senning procedure [5], the legs of the baffle 
trousers were shortened (Fig 2C), and the con- 
duit for the inferior caval vein was attached to 


^^. the eustachian valve (Fig 1C,D). Since that valve 


constitutes the ventral boundary of the inferior 
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Fig 2. The original form of the baffle (a), which 
was soon replaced by another model (b). More 
recently, the legs of the trousers have been 
shortened (c). The measurements shown in the 
drawing are those to be expected in a child of 
more than 2 years. 


caval vein, this way of suturing the baffle 
virtually eliminates the danger of creating 
stenosis in the area. 

In our series the baffle has been made of 
pericardium, of Teflon, and of Dacron, and we 
think the material one uses does not matter— 
shape and dimensions are far more important. 
However, since the decussation of pulmonary 
and systemic venous blood takes place within a 
fairly small place, we think heavy material is 
contraindicated, and it was-never used. In the 


follow-up of our patients we have so far not 
noticed any difference between pericardium 
and cloth. Since pericardium might shrink as 
time passes, our preference leans to preclotted 
Dacron velour; the baffle is cut out of a tubular 
graft and thus takes advantage of the preformed 
concavity of the graft. 


Conclusion 


The trousers-shaped baffle has been used in our 
department since 1969 in 90 consecutive pa- 
tients, and we are very pleased with it. All pa- 
tients underwent postoperative catheterization; 
2 of them had a gradient at the superior caval 
vein (6 and 7 mm Hg, respectively), but neither . 
required reoperation. 

One patient required reintervention ` for 
slowly progressive stenosis at the pulmonary 
veins, although the immediate postoperative 
catheterization was satisfactory. In all other pa- 
tients there was no indication of obstruction at 
either the caval or the pulmonary veiris. 
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Intermuscular Abdominal Implantation 
of Permanent Pacemakers in Infants and Children 


Joseph J. Amato, M.D., Douglas D. Payne, M.D., 
Harold F. Rheinlander, M.D., and Richard J. Cleveland, M.D. 


ABSTRACT Pacemaker implantation in infants and 
young children presents technical problems because 
of the relatively large size of the units. Various im- 
plantation sites have been employed to avoid the 
problems of unsightliness, migration, skin necrosis 
with infection, and patient discomfort. We are pre- 
senting a new technique which obviates these dif- 
ficulties. The pacemaker generator is located in a 
space developed between the muscles and fascia of 
the abdominal wall. This site will accept even the 
largest of demand pacemakers with cosmetically ac- 
ceptable results. 


The correction of complex congenital heart le- 
sions during infancy and early childhood is 
being performed with increasing frequency. 
Concomitantly, there has been an increase in the 
need for permanent pacemaker implantation in 
some of these patients because of postoperative 
sinus bradyarrhythmias or heart block. These 
dysrhythmias may persist for several months or 
may be permanent. Children who require per- 
manent pacing present particular problems not 
encountered’ in the older patient. The power 
pack must deliver a rate of 100 beats per minute 
or more in order to meet the physiological 
stresses of the immediate postoperative period. 
The pacing unit must be placed in such a fashion 
as to minimize complications and provide a cos- 
metic result which is acceptable to the parent and 
the child. During the past 36 months, 21 pace- 
maker generators have been inserted in 16 pa- 
tients. Of the 395 pediatric open-heart proce- 
dures performed during this same period 6 
patients developed bradytachycardia syndrome 
and 6 patients had complete atrioventricular 
block. Two of this last group reverted back to 
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sinus rhythm after the permanent pacemaker 
had been implanted. Two patients who had de- 
veloped atrioventricular block prior to 1974 were 
referred for pacemaker generator changes. Two 
additional patients required permanent pacing 
because of congenital heart block. The patients 
ranged in weight from 1.9 to 24 kg. Because of 
dissatisfaction with the cosmetic results in the 
first 9 patients, we have developed a technique 
for intermuscular implantation in the anterior 
abdominal wall. This procedure, which was 
used in the last 7 patients, is presented in this 
report. 


Technique 

The patient is placed in a supine position with 
the lateral abdominal wall elevated slightly by 
posterior padding. A transverse incision is 
made in the skin beginning in the midline 
slightly above the umbilicus and extending lat- 
erally to the costal arch (Fig 1). The incision is 
deepened to the fascia, and the subcutaneous 
tissue is separated from the fascia and retracted. 
A vertical incision is then made in the lateral 
border of the anterior rectus sheath approxi- 
mately 6 to 8 cm in length depending on the size 
of the child and the pacemaker battery to be 
used. The anterior rectus sheath is separated 
from the rectus muscle for 1 cm along the entire 
length of the incision. This is done easily except 
for the areas of the tendinous inscriptions (Fig 
2). The rectus muscle is elevated from the poste- 
rior rectus sheath, and care is taken to ligate and 
divide the neurovascular bundles which supply 
the rectus muscle from the lower ribs. The exter- 
nal oblique aponeurosis which forms part of the 
anterior rectus sheath is incised vertically for a 
distance of 6 to 8 cm and is reflected laterally 
away from the internal oblique muscle (Fig 3). 
The internal oblique aponeurosis is incised ver- 
tically for the same length and reflected laterally 
(Fig 4). The developed space, which is bounded 
anteriorly by the rectus and internal oblique 
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Fig 1. A skin incision is made down to anterior 
muscle fascia. Dotted line shows the 
subcutaneously placed lead. 
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Fig 2. The anterior rectus fascia has been 
dissected away from rectus muscle, and the 
rectus muscle is now being dissected from the 
. posterior rectus sheath. 


muscles, posteriorly by the posterior rectus 
sheath and transversalis muscle, medially by the 
linea alba, and laterally by the limits of the dis- 
section, is adeqtiate to accept éven a large pace- 
maker battery (Fig 5). 

“At the time of repair ‘of a congenital heart 
lesion any child exhibiting a sérious or pro- 
longed intraoperative conduction disturbance 
has two separate epicardial electrodes implanted 
with the ends buried in the subcutaneous tissue 
of the abdominal wall. If dysrhythmias persist, 
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Fig 3. The external oblique fascia and muscle are 
dissected away from the rectus attachment. The 
rectus muscle is shown elevated from the 
posterior rectus sheath. 






POST. RECTUS 
FASCIA Ww 77 









Bu sj ^ 


p Y ^ ; 
I fe vä 
B AM 
1 i P. NW NN TN ` 5 (Pj 
e M CHE A 
` S i i “ft 
vM CN 
€. x >H)? 






INT. OBLIQUE 
. MUSCLE 


ge hae m ` MUSCLE 


Fig 4. Retfüchios of rectus muscle showing: 
posterior rectus fascia, and retraction of eternal 


oblique muscle; Incisión of the internal oblique =: Sus uus 


muscle fromthe posterior fascia and transversus | 
muscle is shown..." | 


" 


one of the previously placed leadsin the subcuta- 
neous tissue is removed through the described 
skin incision by burrowing: between the sub- 
cutaneous tissue and fascia: The lead is deliv- 
ered into the area of. the formed pocket and con- 
nected to the pacemaker battery (Fig 6). The 
pacemaker battery is then placed within the 
pocket so that the internal oblique muscle can be 
approximated to the rectus muscle without ten- 
sion. These two structures are sutured in a con- 
tinuous fashion using a nonabsorbable material 
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Fig 5. Retraction of rectus muscle medtally and of 
internal and external oblique muscles laterally, 
showing posterior rectus fascia. Dashed circle 
demonstrates intended bed for pacemaker. The 
transverse muscle is seen at the bed of the 
incision. Inset shows a cross-sectional view of 

the pocket. 





‘LEAD EXTRACTED. FROM. ` 
SUBCUTANEOUS ERE. 


Fig 6. Extraction of lead from subcutaneous ~ 15 
tissue. ie 


(Fig 7). The external, ‘oblique Musde and 
aponeurosis are approximated to the anterior 
rectus sheath by using a continuous suture of 
nonabsorbable material. The subcutaneous tis- 
sue and skin are closed. 


Comment. 


Postoperative management of a child or infant 
with dysrhythmias.is difficult because of the 
technical problems. involved. in placement of 
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Fig 7. The internal obira A is aed to ] P 
the rectus muscle. 
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pacemakers Ë, 3]. Because of the relatively large 
size c of the pacemaker i in relation to thesi size of the 
patient, the smaller fixed- rate units. were used. 
The current trend is to use the. demand ‘type 
(1, 4,,5].. We _believe that the programmable 
extended-range pacemaker should | be used 
whenever possible. Among. our last 14 patients, 


we have been able to implant t this typec of unit" i in 


. d 
z S2 iic yp edhe UU, 


+ . . 
. 5n rg ad pisei é 

; it. = 

wt 24 d 71.4. Moe». ifs a: 1 NEM ` 


"Omnistanicor pacemakers, Cordis Corporatioñ, Miami; EL. 


246 The Annals of Thoracic Surgery Vol 25 No 3 March 1978 


12 and to implant demand pacemakers with a 
rate of over 100 beats per minute* in 2. The 
earlier implants were either subcutaneous or ret- 
roperitoneal. The subcutaneous implants were 
unsightly. In spite of every effort to make large 
pockets, the scanty subcutaneous fat and ex- 
posed position of the unit always stretched the 
skin over the edges of the pacemaker, inviting 
necrosis or infection. Skin erosion and infec- 
tions have been reported [7]. The retroperitoneal 
placement of these units provides a technical 
challenge when the battery pack needs replace- 
ment, and the possibility of migration and inter- 
ference with retroperitoneal structures made 
this approach unacceptable to us. We have not 
used the intrapleural, subdiaphragmatic, or in- 
trapelvic sites [4] because these all require inva- 
sion of major body cavities. These sites of im- 
plantation provide little possibility for fixation 
of the units and may produce interference with 
major organs contained therein. Generator 
packs in these positions are also difficult to pro- 


gram. The preperitoneal space, recently sug- 


gested [2], has not been utilized in children 
because we have seen downward migration of 
the battery unit from this space into the pelvis 
result from this technique. Various techniques 
*CPI minilith model 501, Cardiac Pacemakers Inc, St. Paul, 


MN. C-Mos I Interlith, Model 223, Intermedics Inc, Freeport, 
TX. 4 


Fig 8. Posteroanterior and lateral views of a child 
who has had intramuscular placement of a large 
programmable pacemaker. 





involving the anterior abdominal wall for an im- 
plantation site have been described. However, 
the patients under discussion all have median 
sternotomy incisions with placement of medias- 
tinal chest tubes. Consequently, the subrectus 
space between the xiphoid and umbilicus as 
suggested for use in adults and older children [9] 
cannot be utilized. The technique described for 
adult implantation utilizing the space beneath 
the external oblique muscle is too narrow to be 
used in children. [6]. Initially, we attempted to 
combine these techniques and develop a space 
beneath the rectus and external oblique muscles, 
but we found this to be inadequate. Recently, 
another procedure has been described that in- 
volves the subrectus space. This procedure in- 
volves dissecting the origin of the transversus 
muscle away from the transversalis fascia [8]. 
This maneuver is technically difficult and adds 
little if any space to the pocket area. 
Concerning our technique, it must be em- 
phasized that the internal oblique muscle must 
be dissected free of the transversus muscle and 
from the external oblique as far laterally as pos- 
sible. This final dissection is easily accom- 
plished and provides adequate space to accom- 
modate even a relatively large battery pack in the 
smallest infant. Our experience in exchanging a 
defective lead indicates that battery changes 
should be easy in this accessible position. Pro- 
gramming has also been performed without 
difficulty in the intermuscular space. The: 


superior cosmetic result and more secure posis. ; 
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tioning of the unit compared with subcutaneous 
implantation are illustrated in Figure 8. Finally, 
this technique has been without complication 
and is much more acceptable esthetically to the 
parent, child, and medical personnel. 
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Notice from the American Board of Thoracic Surgery 


The 1979 annual certifying examination of the 
American Board of Thoracic Surgery (written 


and oral will be held Mar 22-24, 1979, in 


Chicago, IL. Final date for filing application is 
Aug 1, 1978. 


Please address all communications to the Ameri- 
can Board of Thoracic Surgery, 14640 E Seven 
Mile Rd, Detroit, MI ' 48205. 


Vena Cava Interruption after Pulmonary Embolectomy 


John M. Moran, M.D. 


ABSTRACT Interruption of the inferior vena cava 
for thromboembolism is occasionally appropriate fol- 
lowing either pulmonary embolectomy or other car- 
diac operation performed through a median stern- 
otomy. Experience has shown that simple extension 
of the sternotomy incision to the umbilicus is a quick 
and practical means of obtaining good exposure for 
caval interruption. 


On occasion it is necessary to interrupt the in- 
ferior vena cava for thromboembolism im- 
mediately after a heart operation done through a 
median sternotomy. The most common setting 
for this combination of procedures is following 
pulmonary embolectomy, which is nearly al- 
ways performed through a sternal split. Caval 
interruption may also be appropriate after a 
variety of corrective cardiac procedures in pa- 
tients who have venous thromboembolism and 
are threatened by postoperative embolization. 

Caval interruption by filter or balloon inserted 
through the right internal jugular vein may be 
considered before the pulmonary embolectomy 
while the patient is still in the radiology depart- 
ment following pulmonary arteriography. How- 
ever, this is usually inappropriate because of the 
patient’s critical hemodynamic status and be- 
cause any interference with venous return to the 
heart may be poorly tolerated. This method may 
also be used immediately after the cardiac pro- 
cedure, but to us it represents a relatively incon- 
venient method of providing a less than ideal 
form of caval interruption. We think that the 
operative application of a serrated Teflon clip is 
the best available mechanical method of pre- 
venting pulmonary embolism. 
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The classic approach to the vena cava is 
through a retroperitoneal flank incision, usually 
with the patient tilted 30 to 45 degrees to the left. 
Here the lower reaches of the inferior vena cava 
are available at the L3-L5 level. Other operative 
approaches to the cava have been described, 
including transabdominal right subcostal as 
well as upper midline incisions and a high ret- 
roperitoneal approach through the bed of the 
right twelfth rib [1-3]. The main advantage of 
these incisions is direct access to the upper infra- 
renal cava at the L1-L3 level. 

Following pulmonary embolectomy or other 
cardiac procedure, the common practice is to 
complete the definitive operation, remove the - 
drapes, dress the sternotomy wound, and repo- | 
sition and redrape the patient for the second 
operation through the right flank. This exposes 
the patient to added risk because of the time 
element and the manipulations associated with 
repositioning. 

A review of the surgical anatomy of the in- 
ferior vena cava reveals that it lies slightly to the 
right of the midline, that the renal veins enter at 
the L2 level, and that the cava is easily exposed 
by reflecting the duodenum. 

The following method is advocated for its 
simplicity, brevity, and effectiveness. Following 


completion of the cardiac procedure, after hepa- , ^. +- 


rin reversal and before closure of.the stern- 
otomy, the midline incision is extended'to the 
umbilicus (Figure). The duodenum is reflected 
to the left, revealing the inferior vena cava at the 
level of the renal veins. It is then a simple matter 
to identify both renal veins, encircle the cava, - 
and place a clip at the desired level. The stern- 
otomy and upper midline are then closed in the Ln 
usual manner. | 

This method has been used in 7 patients with- 
out complications related either to the partial 
caval interruption or to combining the sternal 
and abdominal incisions. It is recommended 
without reservation for this combination of pro- 
cedures. | 


248 0003-4975/78/0025-0314$01.00 © 1978 by The Society of Thoracic Surgeons 


249 How to Do It: Moran: Vena Cava Interruption After Pulmonary Embolectomy 


EN 
- 





} Rii HARERY RN 
A { : / 
B 


(A) Dotted line indicates usual extent of incision for 
midsternotomy. Note proximity of infrarenal cava 
to lower end of incision. (B) Extension of sternotomy 
to umbilicus, done after completion of definitive 
cardiac procedure. 
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A Simplified Plastic Repair for Aortic Dissections 


Robert L. Berger, M.D. 


ABSTRACT A simplified plastic repair for aortic 
dissection is described. The operation consists of 
noncircumferential resection of the aortic segment 
containing the intimal tear, leaving the posterior wall 
intact. The false lumen is obliterated by oversewing 
both lips of the aortic incision. Aortic continuity is 
restored either by primary closure or by the insertion 
ofa diamond-shaped prosthetic patch. The simplified 
plastic procedure shortens cardiopulmonary bypass 
time and reduces bleeding from suture lines. The 
operation was employed in 2 patients with success. 


The standard operative repair for aortic dissec- 
tions consists of circumferential resection or ex- 
clusion of the aortic segment containing the inti- 
mal tear, obliteration of the false lumen, and 
insertion of a tubular prosthetic graft. This pro- 
cedure requires the construction of four cir- 
cumferential vascular suture lines. Therefore it 
is time consuming and requires prolonged cardio- 
pulmonary bypass support. In addition, bleed- 
ing from the anastomotic lines can occur and 
may be difficult to control, especially when the 
leak is posterior and access to it is difficult. These 
two factors contribute to the relatively high 
morbidity and mortality associated with opera- 
tive repair of aortic dissections by present-day 
technique [1]. The purpose of this paper is to 
describe a method of surgical correction for aor- 
tic dissection which minimizes these two risk 
factors. The method has been used in the repair 
of aortic dissection in 2 patients with success. 


Technique 


When the intimal tear is in the ascending aorta, 
total cardiopulmonary bypass is employed. 
When dissection originates in the descending 
aorta, either left atrial-femoral artery bypass ora 
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temporary external shunt is used. The aorta is 
incised at the site of the suspected intimal tear 
(Figure). If the rent in the intima is in the an- 
terior two-thirds of the aortic circumference, a 
small segment of aortic wall containing the inti- 
mal rupture is excised. The false lumen is oblit- 
erated by oversewing the edges of the incised 
aorta, incorporating adventitia, intima, and a 
Teflon-felt strip. The synthetic strip can be 
placed on the intimal surface, on the adventitial 
surface, between the two layers of the aortic 
wall, or in any combination of these sites. Use of 
the Teflon strip adds considerable strength to 
the suture lines. The aortic incision is then ap- 
proximated primarily. When primary closure is 
likely to result in excessive tension on the suture 
line, a diamond-shaped woven prosthetic patch 
graft is inserted. If the intimal tear is located in 
the posterior wall of the aorta, this operative 
technique is not applicable. 


Clinical Experience 


Patient 1 

A 69-year-old white man was admitted to a 
community hospital with a history of sudden 
onset of excruciating anterior chest pain radiat- 
ing to the back. An electrocardiogram failed to 
show evidence of myocardial ischemia. A chest 
roentgenogram revealed mediastinal widening. 
The patient was transferred to University Hospi- 
tal with a diagnosis of acute aortic dissection. The 
blood pressure was 120/80, and there was no 
other pertinent finding on physical examination. 
An emergency aortogram revealed an intimal 
tear in the proximal ascending aorta and a false 
channel extending to the origin of the innomi- 
nate artery. The patient was transferred to the 
operating room for emergency repair of aortic 
dissection. 

The left femozal artery was exposed for cannu- 
lation. The heart was approached through a 
sternum-splitting incision. The ascending aorta 
was found to be enlarged to 6 cm in diameter, 
and the wall was ecchymotic with a bluish dis- 
coloration. Heparin was administered. The 
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(A) The intimal tear in the ascending aorta. (B) A segment 
of the aorta containing the intimal rupture ts excised. (C) 
The false lumen is obliterated by suture approximation of 
intima and adventitia. Intimal and adventitial Teflon-felt 
strips are incorporated into the suture line. (D) Suturing of 
the proximal and distal aortic lips is completed. (E) A sec- 
ond over-and-over reinforcing suture ts applied. This step ts 
not essential and may be omitted. (F) The aortic opening ts 
primarily approximated. (G) If primary approxtmation ts 
not feasible, a diamond-shaped woven prosthetic patch 1s 
used to reconstitute aortic continutty. 


venae cavae and the femoral artery were cannu- 
lated, and cardiopulmonary bypass was insti- 
tuted. A clamp was applied to the aorta just 
proximal to the innominate artery. A transverse 
aortotomy was made 2 cm distal from the origin 
of the right coronary artery. The left coronary 
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artery was cannulated, and continuous coronary 
perfusion with 4°C blood perfusate was insti- 
tuted. 

A 2 cm transverse intimal tear was noted 1 cm 
distal to the aortotomy on the anterolateral as- 
pect of the aorta. The dissection extended both 
proximally and distally. The aortic valve' was 
intact without evidence of prolapse of the 
leaflets. A small segment of the anterior two- 
thirds of the aortic wall containing the site of the 
intimal tear was excised. The false lumen was 
obliterated by oversewing the proximal and dis- 
tal lips of the incision separately, incorporating 
Teflon-felt strips on both the intimal and adven- 
titial surfaces. The aorta was closed primarily, 
using continuous everting mattress suture rein- 
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forced by a second layer of over-and-over con- 
tinuous suture. The aortic cross-clamp was re- 
leased, air was evacuated from the left side of the 
heart and the ascending aorta, the heart was 
defibrillated, and cardiopulmonary bypass was 
gradually discontinued. The aorta had been 
cross-clamped for 40 minutes, and cardiopul- 
monary bypass had been used for 51 minutes. 
The patient did well postoperatively and was 
discharged from the hospital three weeks after 
operation. Ten months postoperatively he was 
doing well. 


Patient 2 


A 70-year-old white man was admitted to a 
community hospital with a history of sudden 
onset of severe interscapular pain associated 
with nausea and vomiting. Three years pre- 
viously he had undergone resection and grafting 
of an abdominal aortic aneurysm. Physical ex- 
amination showed him to be acutely ill, pale, 
and diaphoretic. The blood pressure was 70/40 
mm Hg, and the pulse was 48 per minute. Ab- 
dominal examination was noncontributory. 
Peripheral pulses were present and symmetrical 
in all four extremities. The hematocrit was 4596. 
An electrocardiogram revealed no abnormal- 
ities. À chest roentgenogram was normal ex- 
cept for calcification of the aortic arch and a tor- 
tuous descending aorta. Upon administration of 
intravenous fluids and narcotics the blood pres- 
sure rose to 128/80, and the patient's general 
condition improved. An emergency aortogram 
revealed an intimal tear just distal to the left 
subclavian artery and a false lumen extending to 
the proximal suture line of the abdominal aortic 
graft. The patient was transferred to University 
Hospital. 

On admission he was comfortable and ap- 
" peared stable. The blood pressure was 130/80, 
and the pulse was 90 per minute and regular. 
The rest of the physical examination was non- 
contributory. He was initially treated with Inde- 
ral, and, because of gradual increase of blood 
pressure to hypertensive levels, intravenous ni- 
troprusside infusion was instituted. Reserpine 
was also added to his regimen. The hyperten- 
sion was brought under control, and the patient 
was discharged from the hospital two weeks 
after admission. The patient remained nor- 


motensive, and he felt well. Approximately two 
months after discharge he was readmitted for a 
routine follow-up aortogram. The study re- 
vealed a 2 cm aneurysmal outpouching of the 
aorta just distal to the origin of the left subcla- 
vian artery, presumably at the site of the intimal 
tear. The contrast material opacified the false 
lumen for a distance of 6 cm and the distal aortic 
wall was thickened, suggesting the presence of a 
clot between intima and adventitia. Because of 
the aneurysmal dilatation and the persistence of 
the false lumen, operative repair was recom- 
mended. 

The operation was performed with a Rob- 
ertshaw endotracheal tube through a fourth 
interspace left posterolateral thoracotomy. A 
thin-walled aneurysmal outpouching was ob- 
served 2 cm distal to the origin of the left subcla- 
vian artery and measured 3 cm in length and 2 
cm in width. A left atrial-femoral artery partial 
left heart bypass was instituted. A vascular 
clamp was applied to the aorta just distal to the 
left subclavian artery, and a second clamp was 
placed 10 cm beyond the first one. The aortic 
aneurysm was incised. Proximal to the incision, 
a 2 cm transverse tear of the intima on the lateral 
aspect of the aortic wall was noted. The 
aneurysm and a segment of the aorta containing 
the intimal tear were excised, leaving the poste- 
rior wall of the aorta intact. The false lumen was 
obliterated both proximally and distally by over- 
sewing the edges of the aortic incision, incor- 
porating Teflon-felt strips on the adventitial sur- 
faces. The incision was approximated primarily 
with a continuous over-and-over suture. The 
suture line was not under tension. The clamps 
on the aorta were released, and the partial left 
heart bypass was discontinued. The heart main- 
tained a satisfactory blood pressure. Aortic ex- 
clusion time had been31 minutes, and partial left 
heart bypass time, 38 minutes. The postopera- 
tive course was without complications. The pa- 
tient was discharged from the hospital three 
weeks after operation and was doing well one 
year later. 


Comment 


Operative repair of an aortic dissection by con- 
ventional technique is a formidable undertaking 
associated with significant morbidity and a rela- 
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tively high operative mortality. The high risk is 
due to several] factors. The patient population 
tends to be elderly, and multisystem diseases are 
frequently present. However, the gravity of the 
situation is compounded by the complexity of 
the currently employed surgical technique in- 
volving relatively long periods of extracorporeal 
circulatory support and bleeding from the suture 
lines. The technique described in this paper 
minimizes at least the risks related to the opera- 
tion since the duration of pump-oxygenator 
support is shortened, bleeding from the suture 
line is reduced, and any leak is easily controlled 
because the suture line is readily accessible. In 
addition, seepage of blood through the graft is 
totally eliminated in those cases in which pri- 
mary closure is possible, and it is minimized 
when a patch graft is required because of the 
relatively small surface area of the prosthetic in- 
sert. The shortened cardiopulmonary bypass 
time, elimination of uncontrolled bleeding, and 
reduction of seepage through the graft reduce 
blood requirements. 

The simplified technique for repair of aortic 
dissections described in this paper is applicable 
only when the intimal tear is in the anterior 
two-thirds of the aortic circumference; the 
method cannot be used for posterior rents. Un- 
fortunately, the available literature on aortic dis- 


section does not provide information about the 
exact site of the intimal tear but rather focuses on 
its length and orientation to the aortic axis [2, 3]. 
In the absence of data on the localization of the 
intimal defect, the potential of this new ap- 
proach in the treatment of aortic dissection re- 
mains to be determined. It is of interest, how- 
ever, that since we began to utilize this new 
technique the only 2 patients treated for aortic 
dissection on our service were eligible for the 
simpler plastic operation. It is evident, then, 
that at least in some aortic dissections the inti- 
mal tear is located in the anterior two-thirds of 
the aortic circumference. Therefore the tech- 
nique described in this paper merits inclusion in 
the therapeutic armamentarium, since the sim- 
pler method of repair offers a greater chance for 
survival and reduces the morbidity from a cata- 
strophic disease. 
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Technical Considerations in Saphenous 
Vein Bypass Grafts to the Right Coronary Artery 


Lawrence I. Bonchek, M.D., and Gordon N. Olinger, M.D. 


ABSTRACT Measurement of the proper length for 
saphenous vein bypass grafts to the right coronary 
artery can be complicated by the increase in cardiac 
volume that takes place when extracorporeal circula- 
tion is discontinued. Inadequate or excessive allow- 
ance for this increase can cause undue tension on 
the grafts or troublesome kinking. This report de- 
scribes an improved method of orienting vein bypass 
grafts to the right coronary artery which eliminates 
problems of incorrect measurement. 


It is axiomatic that saphenous vein aortocoro- 
nary bypass grafts must be precisely measured 
and aligned or they may become occluded owing 
to kinking or undue tension [5]. The problem is 
perhaps most troublesome with a graft to the 
distal right coronary artery or any of its terminal 
branches. For such a graft, the common practice 
is to place the proximal anastomosis on the an- 
terolateral surface of the aorta slightly to the 
right of the midline and to direct the anas- 
tomosis directly caudad so that the graft corre- 
sponds to the natural course of the right coro- 
nary artery in the atrioventricular groove (Fig 
1A) [1, 4, 6]. As an alternative, the proximal 
anastomosis may be placed farther toward the 
right lateral surface of the aorta with the aortic 
incision directed toward the right hip. The graft 
thus passes caudad over the lateral aspect of the 
right atrium and approaches the distal right 
coronary artery or its posterior descending 
branch from the right side. 

Proper measurement of a right coronary graft 
can be frustrating, since allowance must be 
made for cardiac filling at the end of cardiopul- 
monary bypass when there can be a dramatic 
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increase in the distance spanned by the graft. If 
the allowance is inadequate, undue graft tension 
may result (Fig 1B). At the other extreme, awk- 
ward loops and kinks may result from over- 
abundant allowance for cardiac expansion. 

The problem can be minimized by performing 
the proximal anastomosis and measuring the 
graft with the heart filled and working (before or 
after cardiopulmonary bypass), but we believe 
this approach compromises intraoperative myo- 
cardial protection. We prefer to provide a period 
of reperfusion to the nonworking beating heart 
by carrying out each proximal anastomosis on 
total cardiopulmonary bypass after its respective 
distal anastomosis. An alternative solution— 
temporary occlusian of venous drainage to the 
oxygenator during cardiopulmonary bypass so 
that the right ventricle distends—is useful but 
hardly infallible, since it is impossible to predict 
(or simulate) the exact degree of cardiac filling 
that will provide optimal cardiac performance 
when cardiopulmonary bypass is ended. 

We describe here a simple change in the 
alignment of right coronary grafts which in our 
experience has totally eliminated problems of 
incorrect measurement. 


Method 


The proximal anastomosis is placed on the an- 
terior aspect of the aorta, and the incision is 
directed downward and to the left toward the 
apex of the heart (Fig 2A). The graft first passes to 
the left, forms a gentle arc over the right ventri- 
cle, and then passes over the acute margin of the 
right ventricle to the distal right coronary. This 
arc can substantially change its radius (i.e., its 
concavity) as the heart empties or fills, and thus 
can alter the effective length of the vein graft 
drastically without any change in the general 
orientation of the graft. As the heart enlarges, 
the vein graft arc simply becomes less concave 
and moves to the right (Fig 2B). If the graft is 
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Fig 1. (A) Conventional method of inserting a 
saphencus vein bypass graft to the distal right 
coronary artery so that it parallels the natural 
course of the artery in the atrioventricular groove. 
The graft has been inserted with the heart emptied 
by extracorporeal circulation. (B) As the right 
ventricle fills at the conclusion of extracorporeal 
circulation, the graft may be stretched, flow through 
it may be compromised, and it may become 
occluded. 
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Fig 2. An alternative method of aligning right 
coronary grafts. (A) The proximal anastomosis is 
directed toward the apex of the heart, allowing the 
graft to form a generous arc when the heart is 
empty. (B) As the right ventricle fills, the arc formed 
by the graft becomes less concave, and the graft 
moves to Hie right. Fixation sutures are inserted 
after extracorporeal circulation has ended. 


aligned in the proper direction, there is substan- 
tial tolerance for inexact measurement. After 
cardiopulmonary bypass has been discon- 
tinued, blood volume has been adjusted, and 
the final position of the graft has been estab- 


lished, fine epicardial sutures may be placed to 
stabilize the graft at the acute margin or on the 
anterior surface of the right ventricle. 

Several other technical considerations are per- 
tinent. This position of the right coronary artery 
graft does not interfere with multiple aortic 
anastomoses to other coronary arteries. We fre- 
quently place four such anastomoses in the 
ascending aorta in addition to the arterial perfu- 
sion catheter [2]. When the left anterior descend- 
ing coronary or its diagonal branches are 
grafted, the incision for the anastomosis is made 
on the left side of the aorta pointing to the left 
and slightly cephalad. The vein is thus initially 
directed toward the left shoulder, and as the vein 
turns back toward the heart, a generous arc over 
the pulmonary artery is created that adapts 
spontaneously to changes in pulmonary artery 
dimensions. 

When the marginal branches of the circumflex 
system or very high diagonal branches of the left 
anterior descending coronary are grafted, we 
prefer to bring the veins through the transverse 
sinus for proximal anastomoses to the right side 
of the aorta [3]. This procedure avoids the kink- 
ing that often threatens when such grafts are 
brought antericrly and simplifies measurements 
of proper graft length, since the distance 
through the transverse sinus does not change 
appreciably w:th changes in cardiac volume. 
Thus we often place two anastomoses on the 
right lateral wall of the aorta (to two marginal 
branches of the circumflex coronary), one on the 
anterior wall (to the right coronary), and one or 
even two on the left anterior wall (to the anterior 
descending or diagonal coronaries). We use 
internal mammary grafts frequently but not 
routinely for small or diffusely diseased 
branches of the left coronary system. 

All proximal anastomoses are performed on 
total cardiopu.monary bypass with 5-0 or 6-0 
polypropylene sutures. A triangular hole is ex- 
cised from the aorta with a scalpel blade and fine 
scissors, Since this conforms exactly to the trian- 
gular orifice that results when the vein is cut 
longitudinally on its back wall (Fig 3). Suturing 
is begun at the heel and proceeds in a running 
fashion around both sides to meet at the toe. The 
perimeter of the aortic incision should be 
smaller than the perimeter of the prepared end of 


256 The Annals of Thoracic Surgery Vol 25 No 3 March 1978 


Fig 3. Technique of inserting the proximal 
anastomosis. A graft to the right coronary artery is 
depicted to emphasize the relationship of the 
aortotomy to the axis of the ascending aorta. (1) A 
triangular segment of aorta is excised, and the vein 
is cut longitudinally. (2) The resulting triangular 
orifices in the vein and aorta are approximated with 
a double-armed running suture that begins at the 
heel (a). (3) The suture is completed and tied at the 
toe of the graft. 


the vein graft so that the completed anastomosis 
will be convex under pressure rather than flat. 


Results 


On our relatively new service 17 patients have 
been restudied thus far at an average of eight 
months after operation. Only 4 patients were 
studied less than three months postoperatively. 
It is noteworthy that 11 of the 17 patients were 
studied because of chest pain or electrocardio- 
graphic changes. In this adversely selected 
group, 34 of 39 vein grafts (85%) were patent. 
Most pertinent, 6 of 7 right coronary grafts were 
patent (86%), including all 3 placed to the poste- 
rior descending branch. The only right coronary 





graft occlusion occurred in December, 1975, be- 
fore the technique described here was adopted. 


Addendum 

Additional postoperative angiographic studies carried 
out after submission of this article bring the total num- 
ber of patients restudied to 25. The overall graft pa- 
tency rate is 87% (48 of 55), and the patency rate for 
right coronary grafts is 92% (11 of 12). Aortotomies for 
proximal aortic anastomoses are now usually per- 
formed with a commercial aortic punch. 
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Aero-Fo Tip...the suction 


catheter proven to 
minimize tissue grab. 


\ir is drawn into the catheter through the end hole and around the integral 
ing into the side eyes. This pattern creates an air cushion which tends to 
enter the catheter in the airway and minimizes invagination of tissue. The 
ing is a physical barrier that holds the eyes away from delicate mucosa. 
F bronchial bifurcation is contacted, the four side eyes vent the end hole 
ind reduce tip suction to safe levels. 
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nretouched photographs taken during a technique. Dogs on which suction was per- 
Ontrolled study comparing the effects of formed with standard catheters suffered 
uction catheters on the mucosa of mongrel scattered lesions ranging from edema and 
ogs with tracheobronchitis show marked hyperemia through mucosal ulceration and 
ifferences in gross appearance. Suctioning hemorrhage. Gross examination failed to re- 
fas performed at vacuum levels of 100 and veal damage with the Argyle Aero-Flo Tip 
80mm of Hg using interrupted suctioning Suction Catheter. 
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In a separate study—tracheobronchia!l mucosae sectioned and stained 
with hematoxylin and eosin after six hours of controlled suction show 
effects of various suction catheters on tissues. Standard 14 Fr. end 
hole-side eye suction catheter sections (A) and (B) reveal tissue damage. 
The 14 Fr. Argyle Aero-Flo Tip Suction Catheter section (C shows normal 
mucosal and submucosal layers* The tissue trauma means extra days 
in the hospital to the patient, more care and concern to the nurse. 


*Sackner, M. A., et al: Pathogenesis and prevention of tracheobronchial damage with 
suction procedures, Chest 64: 284-290, September 1973. 
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Actual movies taken during this study present vital professional in- 
formation you need. See how to minimize tissue trauma and its possi- 
ble complications during tracheobronchial suctioning. See your Argyle 
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Everything required for sterile suctioning procedure is ready for use. 
Available with 527-0 or rigid basins, plus choices of components to 
fit any sterile suctioning procedure. The Argyle Aero-Flo Tip Suction 
Catheter is available in a complete range of sizes. 


Ask your Argyle representative. Or write to Dept. A.K. 
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Stainless Steel Markers 


for Aorta-Saphenous Vein Anastomosis 
Donald P. Elliott, M.D., William L. Halseth, M.D., and E. Lance Walker, M.D. 


ABSTRACT A stainless steel marker for tagging the 
proximal aorta-saphenous vein anastomosis in a 
bypass operation has been devised and utilized in 
more than 600 patients over the past 3 years. This 
marker has been found superior to other methods 
used for marking vein grafts in that it encircles the 
anastomosis, providing accurate marking, and can be 
attached after both anastomoses are complete. 


Since the advent of saphenous vein bypass graft- 
ing for coronary artery disease, a number of 
techniques have been utilized for radiographic 
marking of the aorta-saphenous vein anas- 
tomosis to facilitate postoperative angiography 
of the bypass grafts [1]. For more than3 years we 
have utilized a circumferential stainless steel 
marker fabricated from stainless steel suture ma- 
terial and have found it very satisfactory for this 
purpose. 


Description 


The marker we have utilized is fabricated from 
25-gauge stainless steel wire suture (Figure). 
This material has been in use for many years and 
is known to be well tolerated in vivo. Eyelets are 
formed at each end and in the midportion of the 
marker, with the wire fashioned into an open 
circle configuration. The eyelets permit secure 
suture fixation of the ring to the surface of the 
aorta. The open circle configuration allows 
placement of the marker after both anastomoses 
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Stainless steel marker fabricated from 25-gauge 
stainless steel wire suture. 


have been completed and hemostasis obtained. 
The marker can be placed in the closed position 
or can be left open in a horseshoe configuration 
for the occasional large graft. 

The angiographer can easily see the marker 
under fluoroscopy and can obtain postoperative 
arteriograms with a minimum of time and effort. 
There have been no complications attributable 
to the use of this marker in more than 600 pa- 
tients in whom more than 1,600 markers have 
been implanted. 
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A New Coronary Perfusion Cannula 


Ronald H. Hayward, M.B., and Ferenc L. Korompai, M.D. 


ABSTRACT A flexible but rigid-walled nontrau- 
matic cannula has been developed for perfusion of 
the coronary arteries or visceral branches of the aorta. 


Techniques for myocardial preservation during 
cardiopulmonary bypass are well known to car- 
diovascular surgeons. If natural coronary perfu- 
sion can be instituted by any method and the 
heart maintained in sinus rhythm, myocardial 
function will be well preserved indefinitely. Al- 
though we have recently utilized hypothermic 
cardioplegia more frequently for myocardial 
preservation, some surgeons still prefer direct 
coronary cannulation and perfusion. Some of 
the past objections to this technique have re- 
sulted from reports of ostial stenosis following 
cannulation and of difficulty with insertion of 
the cannula itself. We wish to report on a can- 
nula that was made especially for our use and 
that has proved extremely satisfactory. 


Description 


The coronary perfusion cannula* is manufac- 
tured from silicone rubber and is reinforced 
with a spiral of stainless steel wire. Near the 
perfusion tip, the spirals are arranged more 
tightly so that the increased rigidity may facili- 
tate manipulation of the cannula. The end is 
beveled to allow ready insertion, and just be- 
hind the tip is a phlange that seats the tip in the 
coronary orifice. Side-holes allow perfusion of a 
vessei that originates early, such as the cir- 
cumflex artery. The device is available with a 
ring size varying from 4 to 8 mm. The perfusion 
tube of the 4 and 5 mm cannulas is 3 mm in 
aiameter, and that of the larger tubes is 4 mm in 
diameter. Àn appropriate needle with Luer Lok 
can be inserted into the open end. The cannula is 
completely flexible. will not kink, and will not 
become obstructed when a retaining snare is 
tightened around it (Figure). 
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(A) The 4 and 6 mm cannulas. (B) Beveled tip, 
side-holes, phlange, and wire reinforcement with a 
closer setting of the spirals near the perfusion tip. 


We have found that these cannulas are easy to 
insert and function very satisfactorily, and we 
are not aware of any instance of trauma resulting 
from their use during a period of five years. They 
have also been used for temporary perfusion of 
visceral vessels in the abdomen during rep... 
ment of a thoracoabdominal aneurysm [1]. 

We hope that those who still believe there are 
indications for direct coronary perfusion will 
find this cannula useful. 
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visceral perfusion during resection of thoracoab- 
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COLLECTIVE REVIEW 


To Pulse or Not to Pulse 


Constantine Mavroudis, M.D. 


ABSTRACT Pulsatile and nonpulsatile blood flow 
have been intensely studied for cardiopulmonary 
bypass (CPB), isolated organ perfusion, and myocar- 
dial preservation. Although early studies differed, 
later ones have shown the benefits of pulsatile flow. 
Kidney function, lymph flow, and oxygen consump- 
tion are increased during pulsatile perfusion. Also, 
nonpulsatile CPB increases total peripheral resistance 
and mean arterial pressure, which are related to time 
of perfusion. Theories to account for the superiority 
of pulsatile flow include: (1) “vascular shocks” caus- 
ing physical displacement of tissues, which changes 
the boundary layer of interstitial fluid around cell 
membranes and enhances diffusion; (2) increased 
lymph movement during pulsatile flow; and (3) pul- 
satile energy ensuring the patency of the vascular 
beds and preventing shunting. New methods to 
create pulsatile flow and their adaptation to the 
standard roller pump are discussed. 


The importance of the pulse has been debated, 
defined, and redefined, and still remains in ques- 
tion. The major physicians of antiquity recorded 
the presence of the pulse and ascribed to it their 
own interpretations. Hippocrates described. the 
pulse as the force created by the meeting of two 
opposing streams of blood. He made no mention 
of the heart’s role and, except for this observa- 
tion, never referred to the pulse again. Praxa- 
goras has been credited with distinguishing 
arteries and veins as separate systems and with 
the theory that arteries contain no blood, only 
"pneuma," hypothesized as a mixture of air pro- 
duced by digestion that condensed into bubbles 
within ‘tHe arterial system. The pulse, then, was 
tie bursting of bubbles in the arteries to rid the 
body of "humors.": Pathological formation of 
humors caused variations in pulse. 

Aristotle, who was the first to relate the pulse 
to the heart, wrote, "The blood of all animals 
throbs within their veins [arteries] and exhibits a 
general pulsatile movement throughout them. 
Thus the veins pulsate as a whole synchronously 


From the Department of Surgery, University of California— 
Moffitt Hospital, San Francisco, CA 94143. 


~ 


and successively inasmuch as they depend on 
the heart. It keeps moving, and so do they” [32]. 

Not only was the nature of the pulse in ques- 
tion, but also what was contained in the pulse. 
Unlike his predecessors, who thought that the 
arterial system contained air, Galen experi- 
mented with animals and found that when an 
artery was cut, blood emerged. Although this 
experiment seems to satisfy the scientific 
method, he did not completely believe his eyes, 
for he wrote, "The arteries must be porous, since 
they take part in the process of respiration and 
pulsation. At their diastole they take in air, and at 
their systole they expel sooty matter.” Galen 
thus contended that the coats of the arteries were 
full of porous openings that were connected to 
the outer skin. These openings in the arteries 
were on a microscopic scale large enough for 
respiration but small enough to prevent blood 
from passing through them. 

The Dark Ages added little to the knowledge of 
the pulse, and not until Harvey [33] discovered 
the pulmonary and systemic circulations was the 
nature of the pulse more clearly defined. Harvey 
confirmed the passive dilation of the arteries in 
response to ventricular systole | and ti that arteries 
contain blood and not air. : 

Hooker [34] in 1910 used a uin approach 
to study the pulse and its relationship to per- 
fusion in an isolated kidney. Since then, ‘that 
arterial constriction causes reduced pulse près- 
sure downstream has been well established. 
Clinical examples include coarctation ‘of the 
aorta, renal artery stenosis, arterial fibronius- 
cular dysplasia, and partial obstruction ‘of 
peripheral vessels due to atherosclerosis. De- 
crease of pulse pressure to less than 10 mni Hg 
also’ occurs during” ‘cardiopulmonary bypass 
(CPB) for open-heart surgery. ' Because of the 
success of short-term extracorporeal perfusion 
with nonpulsatile flow, with its advantages of 
simplicity and mechanical efficiency, many med- 
ical centers use nonpulsatile roller pump perfu- 
sion systems. However, with longer perfusions 
involving treatment of multiple valve disease, 
severe trauma, myocardial infarction, and severe 
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pulmonary disease using extended extracor- 
poreal membrane oxygenation, the role of the 
pulse in long-term perfusion could become 
more important. 


Physical Properties of Pulsatile 
Blood Flow 


An outstanding feature of arterial blood flow is 
its pulsatile nature. With each systole, the heart 
delivers a bolus of blood into a highly compli- 
cated system of branched, distensible viscoelas- 
tic tubes, the arteries [7]. As the bolus is pro- 
pelled through the system, there is continual 
change in velocity and pulse pressure. These 
changes are dependent on the driving force 
(heart or extracorporeal pump) and the physi- 
cal properties of the peripheral vessels, which 
are controlled by smooth muscle cells, allowing 
dilation or contraction. 

Figure 1 illustrates changes in pressure and 
flow pulses as they progress from the proximal 
aorta to the peripheral arterial system. The am- 
plitude of the pulse pressure increases, the dura- 
tion shortens, the sharp incisura disappears, and 
a dicrotic wave appears. Concurrent with the 
rise in pulse pressure, the amplitude of the 
flow pulse diminishes while its shape becomes 
broader and its backflow component smaller. 


Fig 1. Comparison of behavior of the pressure and flow 
pulses of the systemic arteries during their travel peripher- 
ally. Note that the pressure pulse increases and the flow 
pulse decreases. (From D. A. McDonald, Blood Flow in 
Arteries. Second edition. London, Edward Arnold, 
1974.) 
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The notable absence of pulse pressure and flow 
contour in nonpulsatile extracorporeal perfusion 
represents a fundamentally different method of 
perfusion in which constant intermittent 
stretching and relaxation of the arterial sys- 
tem in response to ventricular systole are 
replaced by steady flow and pressure. 

Early attempts to relate flow to driving force 
and vessel radius were based on Poiseuille's 
equation: 


ap = 9L49Q 
ar? 
where AP = pressure gradient, L = length of 


tube, 7 = viscosity, Q = volume flow rate, and r 
= radius of tube. This equation states that flow 
varies inversely with the fourth power of the 
radius and is proportional to the viscosity of the 
liquid and the length of the tube. Poiseuille’s 
equation is not applicable to the arterial system 
for several reasons. Blood is not a Newtonian 
fluid, and its apparent viscosity declines with an 
increase in linear velocity and diminution in ves- 
sel diameter. Blood vessels contain smooth mus- 
cle cells which make them compliant, resulting in 
constantly changing diameters. Moreover, vas- 
cular tone is greatly influenced by changes in 
driving force and neural feedback. At lower pres- 
sures the vessels are more distensible than at 
higher pressures, when the arterial system tends 
to be more rigid. Quantitative mathematical de- 
scriptions of pulsatile blood flow have been de- 
rived by physiologists and mathematicians in 
recent years:to account for the branching and 
elastic nature of the arterial System nar 47, 48, 

70]. These determinations account fór- visco- 
elastic properties of tre vessel wall, simultane- 
ous stress and strain on the vessel, flow turbu- 
lence, rotational and irrotationa: flow, surface 
forces, and vector diffc:entiatiori. With so many 
complex variables, it is small wonder that no 
simple equation has been derived. _ 

In addition to these obvious flow and pressure 
differences between pulsatile and nonpulsatile 
flow, Shepard and associates [69] determined 
that a difference in energy is required to cre- 
ate pulsatile and nonpulsatile flow. Using 
McDonald’s original flow (f) and pressure (p) 
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curves (Fig 2), they took the product (pf) to repre- 
sent hemodynamic power, and by integrating the 
area under the power curve (f pfdt, where dt rep- 
resents change in time at a specific point in time) 
and the flow curve (f fdt) and taking their ratio at 
the end of the cycle, they defined the energy 
equivalent pressure. Using various control 
groups, they found: that the energy needed to 
deliver pulsatile flow is 2.3 times the amount 
needed to produce nonpulsatile flow at the same 
mean arterial pressure. The extra energy in pul- 
satile flow is thought to dissipate and maintain 
the peripheral perfusion by keeping capillary 
beds open and aiding in lymph flow. 

The physical properties of pulsatile and non- 
pulsatile blood flow are obviously different. 
Moreover, it must be emphasized that pulsatile 
flow is characterized by an intermittent change in 
blood pressure and blood flow in response to the 
bolus of either ventricular systole or extracor- 
poreal circulation, with certain definite variables, 


Fig 2. Energy equivalent pressure in the femoral artery. 
The original flow (f) and pressure (p) curves were published 
by McDonald [48]. The product of flow and pressure (pf) 
represents hemodynamic power. The area under the 
power curve is represented by | pfdt and that under the 
flow curve by [ fdt. Energy equivalent pressure is the 
ratio of their magnitudes at the end of the cycle. The val- 
ues of pf, J fat, and | pfdt are expressed in arbitrary plot- 
ting units. (From Shepard RC, Simpson DC, Sharp JF, 
Arch Surg 93:731, 1966. UM 1966, American 
Medical Association.) , LAS 
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among them frequency limits, pulse and flow 
contours, and synchronization with the heart 
beat. 


Experimental Studies with 
Pulsatile Flow 


Kidney Function 


The earliest studies of the arterial pulse were 
made in the isolated perfused kidney. Gesell [25] 
confirmed earlier findings by Hamel [30] and 
Hooker [34] of the beneficial effects of the pulse 
on kidney function. He postulated that pressure 
changes in the form of "vascular shocks" pro- 
mote freer flow of lymph in the microcircula- 
tion and greater gas exchange in the capillaries. 
Subsequently, Corcoran and Page [17] and 
Kohlstaedt and Page [39] showed that release of 
renin is stimulated by decreased pulse pressure 
rather than reduced mean arterial pressure. 

On the other hand, Selkurt [66], Ritter [62], and 
others [27, 55] found that as long as mean arterial 
pressure remains the same, pulsatile flow has no 
advantage over nonpulsatile flow in kidney func- 
tion. The discrepancy among these authors can 
be related directly to the physical properties 
of the created pulse pressure and contour. 


-Hooker’s pulse tracing showed a clear but not too 


accentuated upstroke with a definite dicrotic 
notch in the downstroke, which approaches the 
pressure tracing in a normal vessel. Selkurt and 
Ritter's pulse tracings, however, showed an an- 
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gular contour of the pulse wave with rapid up- 
stroke and downstroke, leaving little time for 
diastolic runoff. This condition can approximate 
mean arterial flow despite the pulsatile appear- 
ance of the tracing. Consequently, the probable 
reason that these authors noted no difference in 
their experimental groups is because they were 
not delivering physiological pulsatile flow in 
their system. 

More recent experiments, however, indicate 
uniform advantages of pulsatile blood flow [37, 

.67]. Nakayama and co-workers [53] noticed a 
. 1096 greater renal venous return with pulsatile 
. flow at a perfusion rate of 60 ml per kilogram of 
body weight per minute. Morecver, elevation of 
renal venous return to the normal range required 
a total-body perfusion rate of 100 ml/kg/min in 
the nonpulsatile perfusion group as opposed to 
80 mi/kg/min in the pulsatile flow group. The data 
indicate too that blood pooling occurs within the 
kidney during CPB, a tendency that is greater 
with nonpulsatile flow. These authors also found 
microscopic ischemia in those kidneys perfused 
with nonpulsatile flow, which was consistent 
with the findings reported by Dalton and asso- 
ciates [18] of persistent proteinuria and micro- 
scopic hematuria at the same nonpulsatile flow 
rate of 80 to 100 ml/kg/min.~fhese. results were 
accompanied by microscopic changes of tubular 
necrosis associated with renal ischemia, includ- 
ing pyknosis of tubular.;gells and hyaline 
globules in the renal tubules; these changes were 
not found in the pulsatile group. 

Many and colleagues [44] noted that M 
pulse pressure to the left kidney in dogs resulted 
in decreased urine output and sodium excretion 
in both kidneys. These changes were observed 
while mean arterial pressure, mean renal blood 
flow, glomerular filtration, and renal plasma flow 
remained unchanged. Based on histological 
studies that showed larger tubular lumens in de- 
pulsated kidneys, Many's group proposed that 
the apparent decrease in sodium excretion and 
urine output might be explained by stagnation of 
the filtrate in the tubules, thereby increasing 
transit time and sodium reabsorption and secon- 
darily affecting water absorption. Angiographic 
evidence in the same study, showed a shift of 
intrarenal blood distribution, resulting in in- 
creased outer medullary flow with reduced corti- 


cal flow. This condition has been demonstrated 
by Barger and Herd [8] to be associated with 
decreased sodium excretion. Other abnormal 
changes in renalarteriograms such as narrowing, 
straightening, and loss of the normal configura- 
tion of the renal arteries during nonpulsatile 
perfusion have been noted by Finsterbusch 
and co-workers [22]. 

Jacobs and associates [36] performed four- and 
eight-hour perfusionsin dogs and found a signif- 
icant decrease in urine output and creatinine 
clearance and a greater need for fluid to maintain 
systemic pressure in the nonpulsatile group. 
Boucher, Rudy, and Edmunds [11] measured 
organ blood flow with radioactive microspheres 
during pulsatile and nonpulsatile CPB in 
monkeys and confirmed Jacobs' findings of re- 
duced blood flow to the kidney during CPB, but 
no appreciable difference between the two 
groups. Dunn and colleagues [20] also confirmed 
these data using thermodilution and radioio- 
dinated serum albumin techniques. 

Paquet [59] showed in the isolated pig kidney 
that nonpulsatile flow resulted in acidosis, de- 
creased oxygen consumption, impaired renal 
function, and increased renal vascular resis- 
tance. He postulated that these changes result 
from impairment of capillary filling leading to 
tissue hypoxia. German and associates [24] and 
later. Mukherjee and his co-workers [52] con- 
firmed. Paquet's findings by studying oxygen 
consumption, pH, lactate levels, and localized 
(cortical and. medujlary) renal tissue oxygen 
availability. German. and, colleagues found that 
renal tissue hypoxia and meta abolic acidosis pro- 
ceed more rapidly. during: ‘nonpulsatile CPB de- 
spite adequate flow rates. anc OXygen, tissue ex; 
traction. Mukherjee's group demonstrated 
decreased tissue oxygen tension.in the. renal 
cortex—particularly in the medulla —with. non- 
pulsatile flow, supporting Many's angiographic 
observations of shifting intrarenal distribution. 

Perhaps one of the most important roles of the 
pulse has been demonstrated in renal homograft 
preservation. Belzer and colleagues [10] found 
that pulsatile flow produces.better cortical perfu- 
sion.in the preserved kidney, which appears to 
result i in.more rapid restoration of renal function 
after implantation. Agishi, Peirce,. and Kent [1] 
studied the effect of the pulse on the isolated 
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kidney and found that pulsatile perfusion en- 
hances flow at a fixed pressure and, conversely, 
results in decreased perfusion pressure when 
flow is constant. As a result, most harvested 
cadaver kidneys are preserved with pulsatile 
flow before transplantation. 


Lymph Formation, Flow, 

and Metabolism 

The functional segment of the circulatory 
anatomy lies between the precapillary sphincter 
and the venule, where exchange takes place. This 
difficult area to study is the site of lymph forma- 
tion and edema. 

The first study of the effect of pulsatile and 
nonpulsatile flow on the rate of lymph flow was 
done by Parsons and McMaster [49, 60, 61], who 
demonstrated in rabbit ears that dye injected in 
the tissue clears faster with pulsatile flow. They 
also noted that edema developed more fre- 
quently during nonpulsatile perfusion, confirm- 
ing their initial observation that the pulse plays a 
fundamental role in the movement of lymph into 
and out of the interstitium. This classic study was 
the link connecting the pulse and the microcir- 
culation, and laid the groundwork for future 
studies on this important subject. Ogata and as- 
sociates [56] measured, by oncometer, an in- 
creased omental volume during nonpulsatile 
perfusion that did not occur at similar flow rates 
with pulsatile perfusion. Microscopic capillary 
blood flow in the omentum during CPB was con- 
stant and more evenly *stributed throughout 
the capillaries during »nisatile flow, whereas in 
the nonpulsatile eroup capillary flow gradually 
slowed and stoppèd after'20 minutes, with diver- 
son of ‘azteagiar fw through arteriovenous 
shunts. — 7 

 Anabtawi, Womack, and Ellison [2] confirmed 
an earlier report [9] that lymph flow through the 
thoracic duct increases during the first 30 min- 
utes of nonpulsatile CPB and returns to preper- 
fusion rates in 60 to 80 minutes, but they found 
no changes when pulsatile flow was used. These 
authors concluded that the initial rise in lymph 
flow was caused by the sudden increased cir- 
culating volume of priming blood, while the re- 
turn to preperfusion lymph flow levels reflected 
sequestration of fluids in the interstitial space, 
causing edema. | 


Other authors have noted a greater volume 
requirement and increased edema formation in 
animal preparations with nonpulsatile CPB [18, 
20, 36, 53] compared with pulsatile CPB. Re- 
cently, Matsumoto, Wolferth, and Perlman [46] 
studied the effects of pulsatile and nonpulsa- 
tile perfusion by direct observation of cerebral 
and conjunctival microcirculation in dogs and 
showed marked vasodilation in venules, accom- 
panied by sludging and edema formation, with 
nonpulsatile flow. No vasodilation, less sludg- 
ing, and no edema were found in the pulsatile 
perfusion group. 

Many complications of CPB may influence the 
capillary beds during bypass, including coagula- 
tion disturbances [45]; protein denaturation [41], 
which may cause fat emboli [10]; and intravascu- 
lar sludging [42, 63], which may occlude the mi- 
crocirculation. These complications have been 
documented during nonpulsatile CPB in hu- 
mans, but the effect of pulsation on these factors 
has not been evaluated. Most authors agree that 
the pulse has a major role in the movement of 
lymph, prevention of edema and sludging in 
capillaries, and maintenance of flow in the capil- 
laries to prevent shunting. The only area of pos- 
sible disagreement is the observation by Anab- 
tawi and colleagues [2] that pulsation is not 
essential for the return of lymph. Their find- 
ings, however, were restricted to the thoracic 
duct, and it cannot be assumed that thoracic 
duct flow reflects lymph flow in the capillaries. 
It would seem, then, that although pulsation 
makes no difference in lymph flow through 
the thoracic duct, it does have a beneficial effect 
on the capillaries. 


Oxygen Consumption 


Oxygen consumption and the development of 
metabolic acidosis reflect the state of capillary 
flow and adequacy of tissue perfusion. Shepard 
and Kirklin [68] used oxygen consumption as a 
primary indicator of tissue perfusion during pul- 
satile and nonpulsatile CPB in calves and found 
higher oxygen and lactate extraction with fewer 
pH changes in the pulsatile perfusion group. 
These authors presented three mechanisms that 
may be responsible for the decreased oxygen 
consumption during nonpulsatile CPB. The first 
postulate is that the pulse causes a “Juggling” of 
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the tissues that may change the boundary layer 
of interstitial fluid around cell membranes and 
enhance diffusion. This concept is similar to 
Gesell’s “vascular shocks.” Another possibility 
is that lymph and interstitial fluid movement 
may be enhanced during pulsatile perfusion, as 
was previously shown by Parsons and McMaster 
[60] and others [1, 8, 9, 18]. The third explanation 
is that pulsatile energy may be required to ensure 
that a normal percentage of the total number of 
arterioles in a vascular bed are open at any one 
time, which is supported by Ogata’s suggestion 
that shunt vessels bypass the true capillary beds 
during nonpulsatile flow. It would seem, then, 
by experimental biochemical and physical data, 
that the excess energy to create pulsatile flow 
maintains perfusion through the microcircula- 
tion by ensuring capillary patency. 

Subsequent studies by Trinkle [73], Jacobs [36], 
and Dunn [20] and their associates confirmed the 
development of metabolic acidosis in nonpul- 
satile perfusion. Ogata and co-workers [56] 
found that oxygen consumption, pH, and buffer 
base declined in the nonpulsatile perfusion 
group at flows of 80 ml/kg/min, reflecting marked 
metabolic acidosis. At higher flows the data did 
not show a significant difference between the 
two groups. Similarly, Boucher and colleagues 
[11], using flows of 200 ml/kg/min in the rhesus 
monkey, also showed no difference in oxygen 
consumption between pulsatile and nonpul- 
satile flow. 

Minor hypoxia and lactic acidosis can be toler- 
ated and reversed in most tissues, but brain cells 
are highly sensitive to hypoperfusion and 
hypoxia. Halley, Reemtsma, and Creech [29] 
studied brain metabolism during CPB and 
showed decreased cerebral oxygen consumption 
but were unable to document a corresponding 
increase in venous lactate levels. More recent 
experimental models have included pulsatile 
and nonpulsatile flow. Geha and associates [23] 
studied lactate and pyruvate levels in both the 
cerebrospinal fluid and blood in dogs with pul- 
satile and nonpulsatile CPB at 80 ml/kg/min. 
They showed elevated serum lactate but no in- 
crease in cerebrospinal fluid, and concluded that 
pulsatile flow offers no great advantage over 
nonpulsatile flow for cerebral metabolism. San- 
derson and Wright [65, 78], however, supported 


the use of pulsatile flow, and immediately follow- 
ing two- and three-hour nonpulsatile perfusions 
found diffuse nerve cell changes that were not 
present in brains following pulsatile perfusions 
of the same duration. These alterations included 
acute swelling in the cerebellar Purkinje cells and 
ischemic changes in several regions of the brain, 
most frequently the cerebral cortex and cerebellar 
Purkinje cells. These authors also studied the 
long-term effects of CPB with dogs surviving as 
long as five days after one-hour pulsatile and 
nonpulsatile perfusion, and showed both focal 
and diffuse changes. The nonpulsatile flow 
group, however, exhibited an almost uniform 
pattern of diffuse nerve cell changes of ischemia 
and swelling that were not present in the pul- . 
satile perfusion group; but focal changes attrib- 
uted to circulatory emboli, gas microbubbles, and 
blood cell aggregates were found in both groups. 
Based on these clinicopathological data, the au- 
thors made a strong plea for the use of pulsatile 
bypass. 

Clearly, all the investigators have shown that 
pulsatile flow enhances oxygen consumption at 
flow rates comparable to 80 ml/kg/min; but at 
higher flow rates of 100 ml/kg/min and more, 
there is disagreement whether the addition of 
pulsatile flow increases oxygen consumption 
(Table). Those showing no difference in oxygen 
consumption believe that higher flow rates par- 
tially overcome the tendency for increased total 
peripheral resistance in nonpulsatile CPB and 
allow for better perfusion, reflected by increased 
oxygen consumption. On the other hand; Trinkle 
and Jacobs used flow rates of 100 ml/kg/min and 
determined that pulsatile perfusion resulted in 
increased oxygen consumption. The reason for 
the apparent discrepancy is not clear. Methods to 
determine oxygen consumption, blood lactate, 
and hemolysis were all comparable. There were 
dissimilarities in fluids given and pumping 
techniques, but pressure tracings showed a near 
physiological pulse contour with a systole/ 
diastole ratio of 60:40 and pulse rates of 60 to 80 
in each case. Despite this dissimilarity, all the 
authors agreed that pulsatile flow, even at high 
flow rates, results in decreased total peripheral 
resistance, decreased mean arterial pressure, and 
decreased edema formation, and recommended 
pulsatile perfusion for clinical use. 
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Compa-ative Effects of Pulsatile versus Nonpulsatile Flow on Oxygen Consumption, 
Relatea Metabolic Variables, and Total Peripheral Resistance 





Animal Pulsatile Flow 
InvestBator Used (ml/kg/min) 
Ogata et al, 


Dog 60 
1960 [56] ij 


79 


100 


Trinkl2 et al, 100 


1969 [73] 


Dog 


Shepard & Kirklin, Calf 


1969 [68] 


48 (2.1 L/m?/min) 


Jacobs et al, Variable? 


1969 [36] 


Dog 


Dunn et al, 
1974 [20] 


Dog 100 


Boucher et al, 
1971 [11] 


Monkey 200 


60 35° 


75 Jo" 


100 35° 


100 y 


48 (2.1 L/m?/min) 37 


Variable? 


100 


200 38° 


Nonpulsatile Flow 
(ml/kg/min) 


Temp (C) Result 


Pulsatile flow group 
showed lower lactic 
acidosis and in- 
creased oxygen con- 
sumption 

Pulsatile flow group 
showed lower lactic 
acidosis and in- 
creased oxygen con- 
sumption 

Little difference be- 
tween the groups 


Pulsatile flow group 
showed decreased 
TPR, decreased 
transfusion volume, 
and less lactic 
acidosis 

Pulsatile flow group 
showed increased 
oxygen consump- 
tion 

Pulsatile flow group 
showed increased 
urine output, de- 
creased TPR, and 
less lactic acidosis 

Pulsatile flow group 
showed decreased 
TPR, increased oxy- 
gen consumption, 
lower transfusion 
volume, and less lac- 
tic acidosis 

Pulsatile flow group 
showed increased 
urine output but no 
change in distribu- 
tion of blood flow, 
TPR, or oxygen con- 
sumption 


Not 
noted 


Not 
noted 


——— ———— — M —— À— e ———— MÀ— — 


“Perfusion rate determined by rate of venous return. 
TPR = total peripheral resistance. 


Mean Arterial Pressure and 

Total Peripheral Resistance 

In 1955 Wesolowski, Sauvage, and Pinc [76] 
studied the effects of pulsatile flow in the 
maintenance of normal systemic vascular tone 
after two hours of CPB. They found that regard- 
less of the type of flow used, blood pressure, 
pump minute flow, and blood volume remained 


constant, and they concluded that total 
peripheral vascular tone remains unaltered dur- 
ing nonpulsatile CPB in the dog. A similar study 
[75] showed that the pulmonary circulation 
could be artificially maintained using either pul- 
satile or nonpulsatile flows and that either type 
of perfusion is compatible with normal pulmo- 
nary function. 
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The work of Wesolowski's group and the suc- 
cess of short-term, nonpulsatile roller perfusion 
systems in man has resulted in initial widespread 
use of nonpulsatile CPB. More recent investiga- 
tions, however, have demonstrated that arterial 
blood pressure and total peripheral resistance 
(TPR) rise significantly after one hour of nonpul- 
satile compared with pulsatile flow. 

In contradistinction to Wesolowski's work, 
however, Clarke and colleagues [15] studied the 
effects of nonpulsatile blood flow on canine 
lungs and found that although alveolar wall 
thickening developed, there was no evidence of 
impairment of the oxygenating function of the 
lung. They did, however, find increased pulmo- 
nary vascular resistance during nonpulsatile per- 
fusion that was not noted during pulsatile per- 
fusion. These results became proportionately 
greater at higher flow rates. 

Nakayama and associates [53] found that 
mean arterial pressure was lower in the pulsatile 
perfusion group and that the difference in mean 
arterial pressure between both groups was 
greatest at flow rates of 70 to 90 ml/kg/min. They 
inferred that the vascular beds are more naturally 
regulated through a reflex mechanism when the 
pulse is present in CPB. Mendelbaum and Burns 
[50] studied the vascular response to pulsatile 
and nonpulsatile flow in dogs and found a sig- 
nificant elevation with. nonpulsatile flow that 
was not altered by bilateral nephrectomy, 
pharmacclogical autonomic nervous system 
blockade, or denervation of the carotid sinuses 
and bilateral section of the vagosympathetic 
nerves. They suggested that a dilation of the arte- 
rial bed takes place with each systolic thrust of 
pulsatile flow which does not occur with nonpul- 
satile flow. Moreover, itis this extra energy in the 
systolic thrust that maintains capillary patency 
and prevents a rise in TPR independent of the 
action of the baroreceptors. 

The role of the carotid baroreceptors in this 
phenomenon, however, is a point of some con- 
troversy. Ead, Green, and Neil [21] showed that 
conversion of the carotid pulse into steady pres- 
sure delivered to the carotid sinus in the va- 
gotomized cat caused an immediate rise in sys- 
temic blood pressure. They- concluded that the 
sinus afferent impulse activity caused by. steady 
flow through the sinus is less effective in inhibit- 


ing vasomotor discharge occurring during pul- 
satile flow at comparable mean arterial pres- 
sures. Later studies by Angell James and de 
Burgh Daly [3-6] and by Giron and associates 
[26] confirmed this observation and added that 
the larger the pulse pressure, the greater the fall 
in systemic pressure, indicating that pulse pres- 
sure is an important factor in stimulating the 
carotid receptors to increase their neural dis- 
charges. This augmented electrical activity in- 
hibits the medullary vasomotor center, thereby 
controlling systemic vascular resistance [71, 72]. 
It is this increased number of impulses per unit 
time from the arterial baroreceptors during sys- 
tole that is responsible for the greater inhibition 
of the vasomotor center during pulsatile flow [3, 
19, 40, 54]. 

Although conclusions on the role of the 
baroreceptors differ, all authors agree that mean 
arterial pressure increases during nonpulsatile 
perfusion. Trinkle [73], Jacobs [36], and Dunn 
[20] and their co-workers confirmed the earlier 
results of a rise in mean arterial pressure and TPR 
in nonpulsatile compared with pulsatile perfu- 
sion. Moreover, Trinkle and Dunn noted that a 
significantly higher transfusion volume is re- 
quired in nonpulsatile perfusion. 

-Most investigations have shown that an in- 
crease in mean arterial pressure and TPR occurs 
with nonpulsatile flow that is not noted with 
pulsatile flow. The cause of this increase, how- 
ever, remains in question. Some authors main- 
tain that the source of the elevated pressure lies 
in constriction of the capillary beds and increaséd 
shunting, while others claim that the observed 
findings are the result of neurogenic reflexes of 
the arterial baroreceptors. The results are strong. 
for both sides, and the rise in TPR seen in non- 
pulsatile flow is probably the result of both 
mechanisms. The physiology of the capillary 
beds, however, still eludes us, and further in- 
vestigations in this area are warranted. 


Myocardial Preservation mM 
Unlike the rest of the organs of the body, the 
heart has the ability to deliver pulsatile flow to 
itself regardless of the method by which the aorta _ 
is perfused. There are four ways to perfuse the 
heart during extracorporeal circulation: pulsatile” 
flow to a. beating heart, nonpulsatile flow to a 
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beating heart, pulsatile flow to a fibrillating heart, 
and nonpulsatile flow to a fibrillating heart. Dif- 
ferent methods of perfusing the heart during 
CPB have generated a great deal of interest, es- 
pecially since nonpulsatile flow to a fibrillating 
heart distorts myocardial blood flow and in- 
creases the oxygen consumption over levels 
achieved by nonpulsatile flow to a beating heart 
[35]. Moreover, the difference is even greater 
in the hypertrophied heart. To this end, 
Wakabayashi and associates [74] examined the 
difference between pulsatile and nonpulsatile 
flow to the fibrillating heart with flow- and 
pressure-regulated perfusion. They found that 
in contrast to systemic perfusion, in which 
adequate flow is more critical than adequate 
pressure, the heart is maintained better with 
pressure-regulated than with flow-regulated 
perfusion. Flow-regulated perfusion was set at 
596 of systemic flow, and pressure-regulated per- 
fusion was determined by adjusting flow be- 
tween 75 and 358 ml/min to maintain the desired 
aortic pressure. They showed that there is a 
slower thebesian shunt flow with pulsatile per- 
fusion, suggesting better tissue perfusion with 
pressure-regulated pulsatile flow to a fibrillating 
heart. | 

Salerno, Shizgal, and Dobell [64] studied myo- 
cardial regional blood flow in hypertrophied pig 
hearts with radioactive microspheres to deter- 
mine if the influence of ventricular fibrillation 
might be counteracted by pulsatile flow. They 
found that at high systemic perfusion rates (70 
ml/kg/min) the distribution of myocardial blood 
flow in the hypertrophied, fibrillating, beating 
heart is identicalirrespective of the type of perfu- 
sion. This information does not agree with the 
finding of Hottenrott and co-workers [35] of a 
redistribution of myocardial blood flow in ven- 
tricular fibrillation to the disadvantage of the 
hypertrophied endocardium at comparable flow 
rates. It may be that Salerno and associates did 
not perfuse long enough before measuring re- 
gional blood flow and failed to allow for the redis- 
tribution to take place, in contrast to Hottenrott's 
group, who measured flow rates after one hour 


of fibrillation. In a similar experiment usirig 


~ swine, Moores and colleagues [51] measured 
coronary blood flow distribution and confirmed 
Hottenrott's findings. They did not, however, 


show that pulsatile perfusion counteracts the 
maldistribution of flow in a fibrillating heart, 
which supports Salerno's data even though his 
group did not show a difference between the 
fibrillating and beating heart groups. Moores and 
his associates also emphasized that a beating 
heart has the capacity to deliver pulsatile flow to 
itself. Using a pulsatile pump synchronized with 
the systole of the beating heart, they were able to 
show a normal pulsatile pressure curve in the 
coronary arteries. However, when they stopped 
the synchrony between the pulsatile pump and 
the beating heart and allowed them to pulsate at 
asynchronous intervals, there was no difference 
in the pulse contour of the coronary arteries in 
the beating heart whether synchronous or 
asynchronous pulsatile perfusion was used. 

It would seem from these experiments that as 
long as the heart is beating, it has the ability to 
administer pulsatile flow to itself regardless of 
the type of perfusion being used. Whether pul- 
satility has a role in fibrillation is still a matter of 
some controversy. Habal and co-workers [28] 
studied pulsatile and nonpulsatile perfusion dur- 
ing two hours of ventricular fibrillation in dogs. 
They showed that the addition of pulsatile perfu- 
sion to the fibrillating heart resulted in normal 
left ventricular compliance, improved myocar- 
dial lactate and oxygen extraction, and reduction 
in ischemic subendocardial histological changes. 
Habal's results are notable because they used 
two-hour perfusions with mechanical and 
biochemical methods to assess the heart, rather 
than shorter perfusions and regional blood flow. 
Thus, one hour of pulsatile flow does not affect 
the disproportionate flow distribution of ven- 
tricular fibrillation; on the other hand, pulsatile 
flow does produce better ventricular perfor- 
mance, better oxygen consumption, and less en- 
docardial ischemia. More experiments compar- 
ing regional myocardial flow and metabolic 
studies seem warranted. 


Clinical Experience 


Clinical trials comparing pulsatile and nonpul- 
satile CPB have reflected the findings from the 
animallaboratory. Trinkle's group [73] compared 
pulsatile and nonpulsatile CPB in 18 patients un- 
dergoing open-heart operations. The most con- 
sistent: difference between the two groups was: 
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lower TPR and lower transfusion volume in the 
pulsatile flow group. Moreover, despite the 
lower transfusion volume with pulsatile perfu- 
sion, the flow rate was significantly higher com- 
pared with that in the nonpulsatile flow group. 
Based on their laboratory experience, Connolly 
and associates [16] used pulsatile flow with CPB 
to resect 10 thoracic aneurysms, with excellent 
clinical results. 

The widespread use of intraaortic balloon 
counterpulsation (IABC) for diastolic augmenta- 
tion of coronary blood flow has produced new 
methods to create pulsatile flow during bypass. 
Pappas [57, 58] has created pulsatile flow during 
CPB with simultaneous use of the standard roller 
pump and IABC. This method was used by 
Maddoux, Pappas, and their co-workers [43] in a 
clinical trial comparing pulsatile and nonpul- 
satile flow to the fibrillating human heart during 
coronary artery revascularization. They mea- 
sured left ventricular ejection fraction using a 
collimated scintillation probe and indium 113 m 
preoperatively and at days 1 and 12 postopera- 
tively and found that the pulsatile flow group 
had an improved ejection fraction in the early 
postoperative period, leading to the conclusion 
that pulsatile flow to the fibrillating heart during 
aortocoronary bypass may enhance myocardial 
preservation. | 

In a similar study, Bregman and his colleagues 
[13] used a pulsatile assist device (PAD) that can 
be added in series with the standard roller pump 
to obtain pulsatile flow and can be left in place to 
continue pulsatile diastolic augmentation after 
CPB when necessary. The PAD was used in 300 
adult patients undergoing open-heart proce- 
dures for coronary artery disease, valvular heart 
disease, or both [12]. During pulsatile CPB with 
the PAD, pulse pressures of 40 to 50 mm Hg were 
generated. They attributed a 10096 increase in 
urine output and 21.496 rise in coronary graft 
blood flow to pulsatile flow. Kaplitt and Tamari 
(38] used a device similar to the PAD. Among 15 
patients undergoing coronary artery bypass 
grafting they found that pulsatile perfusion im- 
proved mean graft flows by 2696 and urine out- 
put by 24%. These studies confirm the experi- 
mental daia and present persuasive evidence for 
further clinical evaluation of pulsatile CPB. 


Conclusions 

Investigators are divided into two groups: those 
who advocate pulsatile flow and those who be- 
lieve that the benefits do not outweigh the extra 
burden to create the pulse in a competent, non- 
pulsatile roller system. Most investigators, how- 
ever, support the superiority of pulsatile flow 
[77]. 

The data clearly show that nonpulsatile CPB 
results in impairment of renal function, lymph 
flow, capillary circulation, and oxygen consump- 
tion. Furthermore, there is an elevation of mean 
arterial pressure, TPR, and anaerobic cell metab- 
olism, reflected in increased metabolic acidosis 
and decreased oxygen consumption. Studies by 
Ogata, Many, and Shepard clearly demonstrate 
increased arteriovenous shunting during non- 
pulsatile flow that does not occur during pul- 
satile perfusion and accounts for all the results 
seen thus far. While some of the deleterious ef- 
fects of nonpulsatile flow can be ameliorated 
with higher flow rates, many cannot be im- 
proved. 

Pulsatile flow allows for more efficient metabo- 
lism at lower flow rates. Indeed, the idea of CPB 
is to provide necessary nutrients to the cells 
while maintaining adequate pressures. The pulse 
seems to play a major role in this delivery. 
Trinkle and his co-workers have stated that, “In 
relatively short perfusions of 30—40 minutes, and 
in young patients with compliant vessels and a 
low vascular resistance, pulsatile flow seems to 
hold little advantage. However, in older patients 
with noncompliant vessels and high vascular 
resistance, it does offer many metabolic advan- 
tages" [73]. Nakayama, Trinkle, Sloan, Mad- 
doux, Kaplitt, and Bregman have used pulsatile 
extracorporeal circulation in patients with good 
results. The general opinion, however, is that 
with short extracorporeal perfusion in young pa- 
tients, there is no appreciable difference in out- 
come using either method. Moreover, the added 
problem of maintaining a pulse during operation 
is another variable that must be monitored and 
another thing that can go wrong. Although Pap- 
pas has used the standard roller pump to deliver 
pulsatile flow with the aid of the intraaortic bal- 
loon, this adds another step that prolongs an 
operation. Bregman and Kaplitt have simplified 
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this technique with new pulsatile devices that 
can be used with the existing standard roller 
pump. Perhaps the "bubble tube" reported by 
Ciardullo and associates [14]—a dilated segment 
of tubing in the standard roller pump that can 
produce pulsatile flow—will prove to be an ef- 
fective and simple method of providing pulsatile 
flow without extra procedures or precautions. In 
order for pulsatile pumps to be accepted and 
used, the same ease and efficiency with which 
the nonpulsatile roller pumps now operate must 
be incorporated into the pulsatile system. Roller 
pumps have been adapted to deliver pulsatile 
flow, and other methods to produce a pulse, 
such as Bregman’s PAD, have been shown to be 
effective. If the pulsatile pump is to replace the 
nonpulsatile pump, efficiency, simplicity, and 
reproducibility must not be compromised. 

Experimental and clinical data have supported 
the importance of the pulse. What Gesell iden- 
tified as "vascular shocks" and what Shepard 
called the "energy equivalent pressure" is the 
natural conclusion of what Hippocrates called 
the "pulse." If we have evolved with the pulse 
and if itis as good as we think it is, then perhaps 
we should use it when we can. 
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REVIEW OF RECENT BOOKS 


Clot 

By James L. Tullis, M.D. 

Charles C Thomas, Springfield, IL, 1976 
572 pp, illustrated, $39.50 


Reviewed by Alan Marty, M.D. 


Since surgical patients frequently exhibit excessive 
bleeding or clotting, no surgeon can deny the impor- 
tance of keeping abreast of this field. In translating 
this goal into reality, however, at least two difficulties 
emerge: learning the coagulation jargon and separat- 
ing the surgically relevant facts about hemostasis from 
the material of pure research interest. 

This text helps overcome the first difficulty by sup- 
plying both a glossary and an illuminating review of 
the historical reasons for the present nomenclature. 
Despite such cognitive aids, however, the author's 
refusal to oversimplify—indeed his compulsion to in- 
clude all the exceptions to the rules—at times proves 
frustrating to the nonspecialist reader. This leads to an 
unsatisfactory resolution of the second difficulty. For 
example, it is somewhat confusing to read: 


"Thromboembolic diseases are rare in thyrotoxicosis 
despite a several-fold increase in concentration of cir- 
culating factor VIII. Despite these findings, the ad- 
ministration of thyroid tends to improve capillary 
` fragility, whereas antithyroid drugs worsen it. 
Paradoxically, total ablation of the thyroid protects 
against bleeding." 


On the more communicative side, thé chapter titled 
“Acquired. Hypoprothrombinemia in the Coaguiant 
Chop-Suey of Cirthosis” clearly explains the four 
main hemostatic functions of the liver: synthesis of 
clotting factors, removal of aciivaced ciotting factors, 
removal of reotenitie plasmin degradation: products, 
and partial control ot platelet function and numbe:: 
then suggests how to identify potential E 
ey sdiomes, e.g., primary fibrinogenolysis, and how 
tc correct them (with e- ee acid) prior to 
operation. 

New developments. aeplicablec to cardiothoracic 
surgery patients are widely scattered throughout the 
book. in patients facing emergency surgery who have 
been receiving warfarin, for example, „the rarely 
necessary use of prothrombin concentrate infusion is 
discussed. Endogenous inhibitors of clotting, espe- 
cially prominent inpatients on warfarin therapy and 
in some patients exposed to inadequate hepatic per- 
fusion after open-heart’surgery, emerge as possible 
causes of previously unexplained bleeding. 

Other mysteries, such as why intravascular clotting 
usually remains a local phenomenon, (due tó natural 
inhibitors like antithrombin HIY or how Yádioócontrast 
agents can ifiduce thrombosis (by'destabilization and 
precipitation of.fibridiogen) or. why: patients with 
blood group A may be predisposed to thrombosis 
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(due to higher levels of factors VIII, VII, II, and X and 
lower levels of antithrombin III) are also well ex- 
plained. Other relevant topics include a new screen- 
ing test for estrogen contraceptive hypercoagulabil- 
ity, six reasons why smoking should exacerbate coro- 
nary artery disease, and five reasons why postopera- 
tive patients exhibit hypercoagulability. 

Since long-term studies show that prothrombin 
tests usually fall into the therapeutic range only 55 to 
6596 of the time, the effect of diet and drugs on warfa- 
rin dosage is'cleady outlined. Ignoring the con- 
troversy over whether beef lung or pork intestine 
heparin is best, the author discusses the more impor- 
tant concept of the human variability in hemostatic 
response to heparin. With a standard dose of 40,000 
units per 24 hours, as many as 2596 of patients will 
show no heparin activity at all! 

This is not a text for all thoracic surgeons. It will 
appeal to those particularly motivated to understand 
more about the multifactorial complexity surrounding 
hemostatic problems. 
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San Diego, CA Los Angeles, CA ener nd 
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Cincinaati, OH Saw Aitonio, IX a Phoenix, 2 Cl a " wa City o 
j : a t Orange ` 
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Savannah, GA | 7 oie * Miririeapolis. MN Io o, CÀ poit 
Alfano, Paul A. Arnold, Homer S. Baker, Norman H. Be.....5, Robert C 
Gary, IN Austin, TX Columbus, OH Scottsdale, AZ 
Alford, William C., Jr. Arom, Kit V. Bakst, Alvin A. Beil, Arthur R., Jr. - 
Nashville, TN San Antonio, TX Rancho Mirage, CA Manhasset, NY : 
Allen, Peter Aronstam, Elmore M. Barker, Walter L. Beland, Aithur]? ^'^ 
Vancouver, BC, Canada LaCanada, CA Chicago, IL Long Beach, CA 
Allen, Thomas H. Arrants, Jack Everett Barkley, Howard T., ]r. Bellinger, Sidney B., Jr. 
Birmingham, AL Charleston, 5C Houston, TX Portsmouth, VA 
Alley, Ralph D. Arthur, Basil C. Barman, A. Addison Bender, Harvey W., Jr. 
Albany, NY Los Angeles, CA Flushing, NY Nashville, TN... 
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Benedict, James S. 
Long Beach, CA 


Benfield, John R. 
Los Angeles, CA 


Bennett, Austen L., III 
Birmingham, AL 
Benoit, Hector W., Jr. 
Kansas City, MO 


Bento, Rui Simoes 
Lisbon, Portugal 


Berger, Robert L. 
Boston, MA 
Berghuis, Jacob 
Upper Montclair, NJ 


Bergman, Donald R. 
Tulsa, OK 


Bergmann, Martin 
St. Louis, MO 


Berkley, Kelly M. 
Mount Vernon, IL 


Berkoff, Herbert A. 
Madison, WI 


Berman, Stanley J. 
Santa Cruz, CA 


Bernatz, Philip E. 
Rochester, MN 


Bernhard, William F. 
Boston, MA 


Bernhardt, Louis C. 
Madison, WI 


Bernstein, Eugene F. 
San Diego, CA 


*Berry, Buford E. 
Baton Rouge, LA 


^ a 


EE 


Berry, Frederick B. TM 


Little Rock, AR 

Berry, Robert W. 
Bridgeport, CT 

Berry, Wi*)am Barton | 
Crip cca, TN 


BDesli ^, Charles A. 
Baton ..ouge, LA 
Bessone Luda td. 
Tampa, rL 
Beveridge, Robert ;. 
Salt Lake City, UT 


Bharadwaj, Baikunth 
Saskatoon, Sask, Canada 


Bhattacharya, Samir K. 
Winnipeg, Man, Canada 


Bhayana, Joginder N. 

Buffalo, NY 

Bigelow, John Charles 
Portland, OR 

Billig, Donal Michael 

Long Branch, NJ 


Bircks, Wolfgang 
Dusseldorf, Germany 


Black, Harrison 
Stoughton, MA 


Blackford, James M. 
Columbus, OH 


Blair, Emil. - 
Jerusalem, Israel 


Blair, Thomas Calvin 
Lansing, MI i 


Blake, William B., Jr. 
Huntington, WV 


Blanc, James 
Austell, GA 


Blanco-Cancino, Ricardo 


Mexico City, Mexico 
Blank, Richard H. 
Tampa, FL 
Bloodwell, Robert D. 
Winter Park, FL 


Bloomer, William E. 
Long Beach, CA 


Blumenstock, David A. 
Cooperstown, NY 


*Bognolo, Diego A. 
Tampa, FL 


Boland, James P. 
Charleston, WV 


*Bolanowski, Paul J. P. 
Newark, NJ 


Bolgan, Frank J. 
Buffalo, NY 


Bolooki, Hooshang 
Miami, FL 

Bonchek, Lawrence I. 
Milwaukee, WI 


Bonfils-Roberts, Enrique 
New York, NY 


*Bonnabeau, 
Raymond C., Jr. 
St. Paul, MN 


Bonvallet, James C. 
Spokane, WA 


. Bopp, Raymond K. 
` Mansfield Center, CT .. . 


; Borman, Josepk B. 
` Jerusalem, Israel 


"-- Bormes, William A. 


ND 


vg 
5-9 


+ 
-*1 


' Aberdeen, SD 
“Borst, Hans Georg 


Hannover, German 


*Boruchow, Irwin B. 
Mian. ^ .; *t& 


Bosher, Livie TU: po ote. t 


Richm nd, VA 


une Bottino, Clement G. 


Bronx, NY 


~ Bougas, James A. 


Boston, MA 


. Boullon, Robert C. 


West Covina, CA 


Bowen, Thomas. E. . 


Washington, DC 


Bowes, Donald E. 
Danville, PA 


Bowles, L. Thompson 
Washington, DC 


Bowman, 


Frederick O., Jr. .. .. 


New York, NY 


Boyd, Arthur D.. E 
New York, NY 

: Boyd, David P.. : ; ,. 
Boston, MA PRA 


Boyd, Thomas F. 
Medford, MA 


Bozeman, James R, 
Lafayette, LA 


Bozorgi, Siavosh 
Dayton, OH 


Bradham, R. Randolph 
Charleston, SC 


Brainard, Scott C. 
Honolulu, HI 


Braitman, Howard E. 
Oxnard, CA 


Braunwald, Nina S. 
Boston, MA 


Brawley, Robert K. 
Baltimore, MD 


Brea, Cesar A., Jr. 

South Miami, FL 
*Bregman, David 

New York, NY 


Brewer, Philip Lee 
Columbus, GA 


Bricker, Donald L. 
Lubbock, TX 


Brickman, Isadore D. 
New Orleans, LA 


Brickman, Robert D. 
Norfolk, VA 


Briggs, John N. 
Naples, FL 
Brindley, G. V., Jr. 
Temple, TX 

Britt, Clarence I. 
Tulsa, OK 


*Brittenum, Donald F. 
Cleveland Heights, OH 


Broaddus, Carl A., Jr. 
Raleigh, NC 


Brockman, Stanley K. 
Philadelphia, PA 


Brom, A. Gerard 
Leiden, The Netherlands 


' Brooks, James W.. 


Richmond, VA 
Brosnan, John J. 
Chicago, IL 

Brott, Walter H. 
Washington, DC 
Brouhard, John W. 
Arlington Heights, IL 
Browdie, David A. 
Fargo, ND 

Brown, Howard Sidney. 
Atlanta, GA ~ 


Brown, Ivan W., jr. 
Lakeland, FL 
Brown, Lee Buckingham 
Phoenix, AZ 2 


Brown, Louis , 
Hartford, CT 


Bryant, J. Ray 
Louisville, KY 


Bryant, Lester R. 
Johnson City, TN 


Bucherl, E. D. 
Berlin, Germany 


Buchman, Robert J. 
Lincoln, NB 
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Buckley, Mortimer J. 
Boston, MA 


Buhl, Thomas L. 
Long Beach, CA 


Buker, Robert H. 
Washington, DC 
Bulatao, Isidro Munoz 
Albany, NY 


Burch, Buford H. 
Walnut Creek, CA 


Burge, Joe 
Tulsa, OK 


Burman, Sheldon O. 
Downey, IL 


Burroughs, John T. 
San Diego, CA 


Busse, Edward F. G. 
Regina, Sask, Canada 


Butterick, Orin D., jr. 
Memphis, TN 

Byers, Frank M. 

St. Petersburg, FL 
Byrne, William D. 
Falls Church, VA 


Cahan, William G. 
New York, NY 


Calhoon, Jimmie H. 
Austin, TX 


Callaghan, John C. 
Edmonton, Alta, Canada 


Callard, George M. 
Cincinnati, OH 


Calvin, James W. 
Ventura, CA 


Camarata, Samuel J. 
Orange, CA 


Cameron, A. Malcolm 
Minot, ND '- 
Camp, Frank A. 
Trenton, N] 


Campbell, Charles F. 
Longview, TX 


Campbell, Daniel C., Jrs- - 


Mount Vernon, MO » 


Campbell, Donald 

San Antonio, TX i 
Campbell, Gilber S. - 
Little Rock, AR . 


Carberry, David MYee ne 


New York, NY s 


Cardozo, Douglas VW." 
Santa Rosa, CA „a, 


Carey, Tohn M. 
Oklahoma City, OK 


Carey, Joseph S. 
Santa Monica, CA 


Carlo, Victor M. 
Mayaguez, PR 
Carlson, Ralph F. 
Evansville, IN 


Carlson, Robert G. 
Green Bay, WI 


Carr, Robert E. 
Fort Worth, TX 


Carter, Max G. 
New Haven, CT 
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Carter, P. Richard 
West Covina, CA 


Carter, Samuel Chase 
El Paso, TX 


Carveth, Stephen W. 
Lincoln, NB 


Cassady, Richard Lee 
North Winter Haven, FL 


Castaneda, Aldo R. 
Boston, MA 


Castellanos, Miguel 
Guadalajara, Mexico 


Castonguay, Yves 
Montreal, Que, Canada 


*Cattaneo, Stephen M. 
Columbus, OH 


Caudill, Darrell R. 
Atlanta, GA 


Cavin, William J., Jr. 
Las Vegas, NV 


Center, Sol 
Miami, FL 

Cerino, Michele T. 
Baltimore, MD 


Cerruti, Marcial M. 
Brooklyn, NY 


Chai, Hyoun Chul 
Newport News, VA 


Chambers, John S. 
San Diego, CA 


Chapman, Niles D. 
Van Nuys, CA 


Charonis, Constantin G. 
Athens, Greece 


Charrette, Edward J. P. 
Kingston, Ont, Canada 


Chavez, Carlos M. 
Jackson, MS 


Cheanvechai, Chalit 
Peoria, IL 
Cheema, Mohammad 
Aslam ^ 
Milwaukee, WI 


Chea, Chihsing 
Battle Creek, MI 
Chesney, John G: : 
Miami, FL . 
Chiarello, Luigi 
Naples, Haly . 
Chiechi, Michele A. . 
East Orange, NJ... A 
Ching, Chartes C. 
Honolulu, HI 
Ching, Nathaniel. - 


Pau Hen 
New York, NY 


*Chiscano, Alfonso 
San Antonio, TX 


Chitambar, 1. Amar 
Upland, CA 


Chiu, Chu-Jeng 
Montreal, Que, Canada 
Chopra, Paramjeet S. 
Madison, WI 
Christiansen, 

Thorvald W. 
Las Vegas, NV 
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Chuang, Theodore H. 
Burnet, TX 

Chung, Byung Ho 
Temple, TX 

Cifarelli, Frank 
Brooklyn, NY 


Ciocon, Hermogenes L. 
Clifton, NJ 


Clark, Richard Edwin 
St. Louis, MO 


Claxton, C. Porter, Jr. 
Asheville, NC 


Clayton, Orville W. 
Birmingham, AL 
Cleveland, Richard J. 
Boston, MA 

Cline, Robert E. 

Fort Lauderdale, FL 


Codd, John E. 
St. Louis, MO 


Coffin, Laurence H. 
Burlington, VT 

Cohen, Morley 
Winnipeg, Man, Canada 


Cohn, C. Harold 
West Reading, PA 


Cohn, Joseph D. 
Livingston, NJ 


Cohn, Lawrence H. 
Boston, MÀ 


Cole, Fred N., Jr. 
Lutherville, MD 


Collins, John J., Jr. 
Boston, MA 


Collins, John P. 
Lakeland, FL 


Comer, John V. S sl 


New York, NY 


Comer, Thomas P. -+ ^ 


Van Nuys, CA : :;^ 


Conklin, E. Foster . .. r7 
Englewood, NJ "i.c 


Conklin, Robert A; . .: 


Bloomington, IL 
Connar, Richard G. 
Tampa, FL 


Connolly, Coleman J. 
St. Paul, MN 


Connolly, John E. 
Irvine, CA 


*Connors; {chn P. 
St. Louis, MO 
Conrad, Peter W.- 
Washington, DC 
Conte, Biagio A: 
Framingham, MA 


Cook, William A. 
Lawrence, MA 


Cooke, Francis N. 
Coral Gables, FL 


Cooley, Denton A. 
Houston, TX 


Cooper, George N., Jr. 
Providence, RI 


Cooper, Joel 
Toronto, Ont, Canada 


Cope, Jerome A. 
Long Beach, CA 


Cordell, A. Robert 
Winston-Salem, NC 


Cordice, John W. V. 
Hollis, NY 


Cornell, William Powell 
Phoenix, AZ 


Cornett, V. E. 
Greenville, SC 


Correll, Noble O. 
Pompano Beach, FL 


Cossette, Robert 
Montreal, Que, Canada 


Coughlin, Francis 
Stamford, CT 


Cousar, James E., III 
Jacksonville, FL 


Couves, Cecil M. 
St. John's, Nfld, Canada 


Cowley, R Adams 
Baltimore, MD 


Cox, William A. 
Corpus Christi, TX 


Coyle, Francis L. 
Waterloo, IA 


*Craver, Joseph M. 
Atlanta, GA 


Craver, William L. 
Rochester, NY 


Crawford, E. Stanley 
Houston, TX 


Criscione; James R. 


St. Louis, MO EE 


Crisler, Crile 
Norfolk, VA 7. 
Crispin, Roy H. 
Decatur, GA >+ : 


Crosby, Ivan K. 
Charlottesville, VA 


Crosby, V. Glenn 
Memphis, TH -*..., 
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Cross, Frederick 5. 
Cleveland, 2H H zie i, 
* 390° 
Crostiuwait, 
Robert Wilson, Jr. 
Waco, TX 


Cruze, Kenneth 
Silver Spring, MD 


Cuello, Leo 

San Antonio, TX 
Culligan, John A: ^ " - 
St. Paul, MN 


*Cunningham, 


Joseph N., Jr. 
New York, NY 


Cunningham, Ralph T. 
Bakersfield, CA 
Cushing, William J. 
Pittsburgh, PA 


Cyrowski, Gerald.A. 
Southfield, MI i 


Daftarian, Manoucher `- 
Scottsdale, AZ 


Daggett, Willard M. 
Boston, MA 


Daicoff, George R. 
Gainesville, FL 


Daily, Pat O. 
San Diego, CA 


D’ Alessandro, 
Alessandro A. 
Smithtown, NY 


Dalton, Martin L., Jr. 
Lubbock, TX 


*Daly, Benedict D. T. 
Brighton, MA 


Dandekar, 
Nandkumar V. 
Arcadia, CA 


D'Angelo, George J. 
Erie, PA 


Daniel, Thomas Gerald 
Peoria, AZ 


Danielson, 
Gordon K., Jr. 
Rochester, MN 


Danza, Anthony L. 
Bronx, NY 


Dart, Charles H., Jr. 
Oxnard, CA 


Dash, Surendranath 
Canton, OH 


Daskalakis, Michael K. 
Anaheim, CA 


Daugherty, Harry K. 
Charlotte, NC 


Daughtry, DeWitt C. 
Miami, FL 


,, Paviglus, George F. 
24) Miami, FL 


Davila, fulio C. 


C Detroit, MI 


Davis, David J. 
Baton Rouge, LA 


Davis, Jesse T., Jr. e 
i "eus 05 » 
Memphis, TN $t = 
i : LL arat 
Davis, Lowell L. TOMUS 


Milwaukee, WI id 
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Deener, Richard M. 
Oakland, CA 


Defendini, Efrain A. 
Santurce, PR 


deGuzman, Vicente C. 
Washington, DC 


Deignan, Joseph M. 
Winchester, VA 


Delarue, Norman C. 
Toronto, Ont, Canada 


Delavan, James W. 
Grand Rapids, MI 


Delli-Pizzi, Louis J. 
New York, NY 


Delmonico, J. Ernest, Jr. 


Syracuse, NY 






eLuccia, Victor C, 


"New York, NY 
' DeMeester, Tom R. 


Chicago, IL ' 


Demetriades, Andreas D.. 
Nicosia, Cyprus 
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DeMeules, James E. 
Burlington, VT 


*DeMoraes, Carlos R. R. 
Recife, Brazil 


Demos, Nicholas J. 
Jersey City, NJ 


deNiord, Richard N., Jr. 


Lynchburg, VA 


Denmark, Stuart M. 
Dayton, OH 


*DeOliveira, Marcial M. 
Coimbra, Portugal 


DeRiemer, Robert H. 
La Mesa, CA 


Derrick, John R. 
Galveston, TX 


Derry, George H. 
Huntington Beach, CA 


DeRusso, Franklin J. 
Davenport, IA 


*Desaulniers, Denis 
Quebec, Que, Canada 


Desforges, Gerard 
Medford, MA 


DeWall, Richard A. 
Dayton, OH 


DeWeese, James A. 
Rochester, NY 


Dickinson, Daniel W. 
Wheeling, WV 


Dieter, Raymond A., Jr. 
Glen Ellyn, IL 


Diethrich, Edward B. 
Phoenix, AZ 
Dietrick, William R. 
Pasadena, CA 
Dietzman, Ronald H. 
St. Paul, MN 

Dilley, Ralph B. 

San Diego, CA 


Dillon, Mazcus L. 
Lexington, KY 


Dineen, Joseph 
Derby, CT 


Dixon, Sewell H., Fo. ; 
Greerisbero, NC Pe 


Dobeli, Anthony R. C. 
Montreal, Que, Canada, 


Dominy, Dale F. 
Atlanta, GA 


Domm, Sheldon Ë. 
Knoxville, TN 


Donahoo, James.$.- .... 


Baltimore, MD 


Donnelly, Joseph C., Tr. . . 


ba 


Philadelphia, PA 


Donovan, Thomas J. 
Hartford, CY 


Dooley, Byron N 
San Antonio, TX - 


*Dooling, John Andrew. 
Watertown, NY ` 


Doty, Donald B. , 
Towa City, [A 


D'Silva, Joseph L. 
Chicago, IL 
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tDuBost, Charles 
Paris, France 


Duesman, James Frank 
Rock Island, IL 


Duffy, Robert W. 
Jamaica, NY 
*Dumanian, Ara V. 
Hammond, IN 


Duran, Carlos Gomez 
Santander, Spain 


Eastridge, Charles E. 
Memphis, TN 

Ebert, Paul Allen 
San Francisco, CA 
Ecker, Roger R. 
Oakland, CA 
Edelmann, Robert Benedict 
Jersey City, NJ 

Edie, Richard N. 
New York, NY 
Edmunds, L. Henry, Jr. ` 
Philadelphia, PA 
Edwards, Donald W. 
Fullerton, CA 
Edwards, W. Sterling 
Albuquerque, NM 
Effler, Donald B. 
Syracuse, NY - 
Ehrenhaft, Johann L. 
lowa City, IA 
Ehrenstein, Fred I. 
Hollywood, FL 


Eldred, W. James 
Bakersfield, CA 


Elkins, Ronald C. 
Oklahoma City, OK 


Elliott, Donald P. 
Denver, CO 


Ellis, F. Henry, jr. 
Boston, MA 


Ellison, Robert G. 


^ , Augusta, GA 
2, viiswarth, Waverly J., Jr. 


Mponane, WA 


Emerson, George L. . 


" x: Scottsville, NY 


Enerson, Daniel M. 


f Pittsburgh, PA 


., . Engelman, Richard M. 
* . Chicago, IL 


Erfan, Bahram 
Cheverly, MD 


, Emst, Richard W.. 


Fort Worth, TX 


a Escamilla, Hector A. 
_ ,» San Antonio, TX 


Esfahani, Aili Akbar 
Flint, MI 


ca , Espinas, Epifanio E. 


Torrance, CA 
ko, Manuel R. 


Ewy, Herbert G. 
Columbus, OH 


Exarhos, Nicholas D. 
Athens, Greece 


Faber, L. Penfield 
Chicago, IL 


Fadhli, Hussam A. 
Port Arthur, TX 


Fallah-Nejad, Manoucher 
Philadelphia, PA 


Faraino, Frank A. 
Lutherville, MD 


Farha, S. Jim 
Wichita, KS 


Favalore, Rene G. 
Buenos Aires, Argentina 


Federico, Anthony J. 
Buffalo, NY 


Feikes, Harold L. 
Las Vegas, NV 


Feiler, Ernest Melvin 
Denver, CO 


Fell, Stanley C. 
Chappaqua, NY 


Felton, Warren L., H 
Oklahoma City, OK 


Ferguson, Thomas B. 
St. Louis, MO 


Ferlic, Randolph M. 
Omaha, NB 


Fernandez, Javier 
Browns Mills, N] 


*Ferrante, John W. 
Plainfield, NJ 


Ferrato, Peter J. 
Lorain, OH 


Ferro, Frank E. 
Buffalo, NY 


Field, Paul 
Sudbury, Ont, Canada 


Fier, Morris 
Newport Beach, CA 


Finnegan, James O. 
Bala Cynwyd, PA 


Firestone, Frederick N. 
Newport Beach, CA 


Firnschild, Paul G. 
Trenton, MI 


Fishback, Malcolm E. 
Augusta, GA 


Fisher, F. Craig 
Niagara Falls, NY 


Fisher, George W. 
Ukiah, CA 


Fisher, R. Darryl 
Nashville, TN 


Fishman, Louis 
Lewiston, ME 


Fishman, Noel Herbert 
San Francisco, CA 


Fiuzat, Javad 
Garland, TX 


Flege, John B., Jr. 
Cincinnati, OH 


Fletschaker, Robert J. 
Oceanside, CA 


Fleming, Arthur W. 
Washington, DC -  .: 
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Fleming, William H. 
Omaha, NB 


Flemma, Robert John 
Milwaukee, WI 
Floyd, Henry L. 
Hamilton, OH 
Flynn, Pierce J. 

San Bernardino, CA 


Fogarty, Thomas J. 
Palo Alto, CA 


*Folkerth, Theodore L. 
Los Gatos, CA 


Ford, Joseph B., Jr. 
Fresno, CA 


Ford, William B, 
Pittsburgh, PA 


Fosburg, Richard Garrison 
San Diego, CA 


Foster, Eric D. 
Albany, NY 


Foster, Hugh M., Jr. 
Toledo, OH 


Fox, Robert T. 
Glenview, IL 


Frank, Charles G. 
Santa Monica, CA 


*Frankel, Kenneth M. 
Springfield, MA 
Frantz, Stephen L. 
Great Neck, NY 


Frater, Robert W. M. 
New York, NY i 


Frazer, Joe W., Jr. 
Greensboro, NC 


Freeman, James M: 
New Orleans, LA 


Fritz, James M. 
Tucson, AZ 


Fry, Willard A. 
Evanston, IL 


: Fryfogle, James D. 


Southfield, MI 


Fulcher, Thomas M. 
Fairfax, VA 


Furman, Seymour 
Bronx, NY 


Gabbard, James G. . 
Corpus Christi; TX... 
Gaensler, Edward A... 
Boston, MA . 2 


Gago, Otto 
Ann Arbor, MI 


Galbraith, Nicoll F. 
Modesto, CA 


Gale, Adelito M. 
Escondido, CA 


*Gallivan, Gregory J. 
Springfield, MA 
Galloway, Ronald F. 
Augusta, GA 
Gannon, Paul G. 
Minneapolis, MN 


Gantt, James R. 
Dallas, TX 


Garan, John K. 
Binghamton, NY 
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Garcia, Enrique M. 
Rizal, Philippines 


Garcia-Galindo, Gustavo 
Caracas, Venezuela 


Gardner, Ian Ross 
South Bend, IN 


Gardner, Robert J. 
Morgantown, WV 


Garvey, Julius 
Freeport, NY 


Garzon, Antonio A. 
Brooklyn, NY 


Gasior, Robert M. 
Homewood, IL 


Gay, William A., Jr. 
New York, NY 


Gaylor, Donald H. 
Allentown, PA 


Geha, Alexander S. 
New Haven, CT 


Geiger, James P. 
San Francisco, CA 


Geisler, Gerald F. 
Dallas, TX 


Gelfand, Elliot T. 
Edmonton, Alta, Canada 


Gentsch, Thomas O. 
Miami, FL 

Gerami, Sohrab 
Orlando, FL 


~ Gerard, Franklyn P. 
East Orange, NJ 


Gerbasi, Francis S. 
Grosse Pointe Shores, MI 


Gerber, Michael L. 
Pittsburgh, PA 


Gergely, Nicholas Frank 
London, Ont, Canada 


Germann, Timothy 
Van Nuys, CA 


Ghatan, Jack D. v 
San Francisco, CA i 
*Ghosh, Suresh C. 
Philadelphia, PA 

Giarobine, James W. 
Pittsburgh, PA 


Gianfrancesce, Herbert 
Port Washington, NY 


Giannelli, Stanley, Jr. 
New York, NY 


Gibbons, Glen A. 
La Jolla, CA 


Gibbons, James A. 
San Diego, CA 


Gibson, Harris, Jr. 
Medford, MA 


Gibson, Richard Borden 
Rolling Hills, CA 


Gielchinsky, Isaac 
Maplewood, NJ 


Gilbert, Lawrence 
Irvington, NJ 
Gillespie, James T. 
Tacoma, WA 
Gillespie, William J. 
Belleview, IL 


Gilman, Richard A. 
Chula Vista, CA 


Ginsberg, Robert 
Toronto, Ont, Canada 
Ginsberg, Robert L. 
San Jose, CA 


Giordano, Rocco P. 
Flushing, NY 


*Girardet, Roland E. 
Louisville, KY 


Glass, Bertram A. 
New Orleans, LA 


Glass, James Lawrence, Jr. 


San Diego, CA 


Goff, Rowland D., jr. 
Jacksonville, FL 


Goldberg, Melvyn 
Toronto, Ont, Canada 


Golding, Michael R. 
Brooklyn, NY 


Goldman, Bernard 5. 
Toronto, Ont, Canada 


Gomes, Mario N. N. 
Washington, DC 


Gonzalez, Efraim A., Jr. 
San Antonio, TX 


Gonzalez-Cerna, Juan 
Mexico City, Mexico 


Gonzalez-Lavin, Lorenzo 
East Lansing, MI 


Goodman, Allan H. 
San Diego, CA 


Goott, Bernard 
St. Paul, MN 


Gordon, Fallon T. 
Beaumont, TX 


Gorman, William C. 
Albuquerque, NM 
Gosney, Wallace G. 
Upland, CA 

-Gott, Vincent L. 
Baltimore, MD 


Gottesman, Leonard 
Cincinnati, OH 


Grafe, William R. 
New York, NY 


Graham, John C. 
Winnipeg, Man, Canada 


Graham, Patrick G. 
Kansas City, MO 


Graham, Walter H. 


E Newport News, VA 


Grant, Austin R. 
Phoenix, AZ 


Gravel, Joffre Andre 
Quebec, Que, Canada 
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Wareham, Ellsworth E. 
Loma Linda, CA 


Warren, Sherwyn E. 
Park Ridge, IL 


Washor, Harry 
Brooklyn, NY 


Waterston, David J. 
Middlesex, England 


Watson, Raymond R. 
Milwaukee, WI 


Webb, Watts R. 
New Orleans, LA 


Weber, Robert D. e 
Rockford, IL d 


Webster, James Welde «i, jr, 
Salt Lake City, UT 


Wechsler, Andrew S. =.. 
Durham, NC 


Weinberg, Milton, a 
Chicago, IL 
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Weiner, Robert S. 
Rochester, NY 


Weintraub, Ronald M. 
Boston, MA 


Weisel, Wilson 
Milwaukee, WI 


Weissberg, Dov 
Beer Yaacov, Israel 


Weisz, Daniel 
New Hyde Park, NY 


Weldon, Clarence S. 
St. Louis, MO 


Wellons, Harry A., Jr. 
Charlottesville, VA 


Wells, Van Henry 
Memphis, TN 


Wesolowski, Sigmund A. 


Garden City, NY 


Wheat, Myron W., Jr. 
Largo, FL 

White, Jules 

Dayton, OH 

White, Manuel C. E. 
Helena, MT 


White, Richard L. 
Portland, ME 


Whitsell, John C., II 
New York, NY 


*Wideman, Frederick E. 
Moline, IL 


*Widmann, Warren D. 
Morristown, Nj 


Wilcox, Benson R. 
Chapel Hill, NC 


Wilder, Robert J. 
Baltimore, MD 


Wildstein, Gilbert 
Atlanta, GA 


Williams, Carl L. 
Fort Smith, AR 


*Williams, Charles D. 
Little Rock, AR 


Senior Members 


Alonso-Vial, Armando 
Santiago, Chile 


Bailey, Charles P. 
New York, NY 


Barkley, Howard T. 
Houston, TX 


Belsey, Ronald 
Bristol, England 


Blodgett, James B. 
Royal Oak, MI 


biome, W. Nelson 
Rockford, IL e 


Blouberg, Allen E; ' 
Bronx, NY 


Bressler, Sydney 


Williams, G. Doyne 
Little Rock, AR 
Williams, Kirkley R. 
Bryn Mawr, PA 
Williams, Marion J. 
New Orleans, LÀ 
Williams, Robert D. 
Kansas City, MO 


Williams, Thomas E., Jr. 
Columbus, OH 


Wilson, George L. 
New Haven, CT 
Wilson, Hugh E., III 
Dallas, TX 


Wilson, James A. 5. 
Montreal, Que, Canada 


Wilson, Louie C. 
Mobile, AL 


Wilson, Robert Francis 
Detroit, MI 


*Wilson, Thomas A. S. 
Birmingham, AL 


*Wimberly, John Evan 
Pensacola, FL 


Winn, Dean F., Jr. 
Woodland, CA 


Wisoff, B. George 
New Hyde Park, NY 


Wittenstein, George J. 
Santa Barbara, CA 


Wolf, Rodney Y. 
Memphis, TN 


' *Wolfe, Steven F. 


Concord, CA 


Wolfe, Walter G. 
Durham, NC 


Wolff, William I. 
New York, NY 


Wood, Newell E. 
Saratoga, CA 


Wood, Richard E. 
Dallas, TX 


Brown, Robert K. 
Denver, CO 


Buckles, Maurice G. 
Columbus, OH 


Bugden, Walter F. 
Syracuse, NY 


Carr, Duane 
Memphis, TN 


Cope, J. Hallam 
Oakland, CA 


Cotton, Bert H. 
LaQuinta, CA 


Curreri, Anthony R. 
Madison, WI 


Woods, Leon P. 
Fort Smith, AR 


Woodson, Riley Donald 


Toledo, OH 


*Woo-Ming, Michael O. 


Kingston, Jamaica 


Worman, Leonard W. 
Milwaukee, WI 


"Wright, Creighton B. 


Iowa City, IA 


Wright, John Saxon 

Little Bay, NSW, 
Australia 

Wright, Philip W. 

Long Beach, CA 


Wright, Robert M. 
Houston, TX 


Wu, Chang You 
North Miami Beach, FL 


Wu, Yenching 
Akron, OH 


Wukasch, Don C. 
Houston, TX 


Wychulis, Adam R. 
Newark, NJ 


Yahr, William Zachary 
Miami Beach, FL 


*Yap, Jose I. 


Detroit, MI 


Yashar, James J. 
Providence, RI 


Yashar, John 
Providence, KI 


Yeager, Rodrich M. 
Shreveport, LA 


Yeh, Jui-ting Thomas 
Savannah, GA 


Yip, Luke Chor-Kung 
Allentown, PA 


Yore, Richard W. 
St. Louis, MO 


Dailey, James E. 
Weslaco, TX 


Davis, W. Burford 
Louisville, KY 


Day, J. Claude 
Detroit, MI 


Dodrill, Forest D. 
Detroit, MI 


Drash, Everett C. 
North Garden, VA 
Dugan, David J. 
Oakland, CA 


Evans, Byron H. 
Fresno, CA 


Fischer, Walter W. 


New York, 










*You, Kwang-Duck 
Munster, IN 


Youmans, C. Roger, Jr. 
Texas City, TX 


Young, Ward 
Van Buren, Jr. 
Lorain, OH 


Young, W. Glenn, Jr. 
Durham, NC 


Young, William P. 
Madison, WI 


Yu, Peter Shu-Kuen 
Huntsville, AL 


"Zacharias, Anoar 
Toledo, OH 


Zajtchuk, Russ 
Potomac, MD 


Zamora, Romeo, D. 
Quezon City, 
Philippines 


Zanger, Louis C. C. 
San Jose, CA 


Zaroff, Lawrence I. 
Rochester, NY 


Zerbi, Paul G. 
Warren, OH 


*Zikria, Emir A. 
Pittsburgh, PA 


Zimberg, Yale H. 
Richmond, VA 


Zimmerman, Jacob 
Ramat Gan, Israel 


*Zorrilla, Leopoldo 
San Antonio, TX 


Zuber, William F. 
Ventura, CA 


Zubiate, Pablo 
Los Angeles, CA 


Zuhdi, Nazih 
Oklahoma City, OK 


Zumbro, George L. 
Augusta, GÀ 


Goldman, Alfred 
Palm Springs, CA 


Harken, Dwight E. 
Cambridge, MA 


Harter, John S. 
Louisville, KY 


Higginson, John F. 
Santa Barbara, CÀ 


Hughes, Felix A., Jr. 
Memphis, TN 


Iglesias, Ernesto R. 
Mount Clemens, MI 


Johnson, Elgie K. 
New Paltz, NY 


Kay, 
s 
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King, Richard 
Atlanta, GA 


Kingsbury, Lawrence H. 
Orlando, FL 


Klassen, Karl P. 
Columbus, OH 


Lam, Conrad R. 
Detroit, MI 
Langston, Hiram T. 
Chicago, IL 

Lowell, Lawrence M. 
Portland, OR 


Lucido, Joseph L. 
St. Louis, MO 


Maier, Herbert C. 
New York, NY 


Maurer, Elmer R. 
Pompano Beach, FL 


McCall, Robert E., Jr. 
Columbia, SC 


Melick, D. W. 
Tucson, AZ 


Deceased Members 


Abbott, Osler A. 
Blades, Brian B. 


Buckingham, William W. 


Burford, Thomas H. 
Kimel, Victor M. 
Lee, William H., Jr. 
. Rumel, William R. 


Mendelsohn, Harvey, Jr. 
Cleveland, OH 


Meyer, Bert W. 
Los Angeles, CA 


Michelson, Elliott 
Baltimore, MD 
Nova, Philip L. 
La Jolla, CA 


Olson, Clarence 
Seattle, WA 


Overholt, Richard H. 
Boston, MA 


Parr, Luther H. 
Houston, TX 


Paulson, Donald L. 
Dallas, TX 


Phillips, Walter L. 
New Hyde Park, NY 


Poppe, J. Karl 
Portland, OR 


Read, C. Thomas 
Sun City, AZ 


Robinson, Joe S. 
Macon, GÀ 


Rubin, Morris 
Bronx, NY 


Sakakibara, Shigeru 
Tokyo, Japan 
Salyer, John M. 
Orange, CA 


Samson, Paul C. 
Piedmont, CA 


Sanborn, Earl B. 
Kenilworth, IL 


Sarot, Irving A. 
New York, NY 


Schmidt, Walter R. 
Minneapolis, MN 


Sealy, Will C. 
Durham, NC 


Selman, Morris W. 
Toledo, OH 


3 
» 
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Servelle, Marceau 
Paris, France 


Shaw, Robert R. 
Dallas, TX 


Skinner, Edward F. 
Memphis, TN 


Sommer, 
George.N. J., Jr. 
Trenton, NJ 


Strieder, John W. 
Newton Lower 
Falls, MA 


Strug, Lawrence H. 
New Orleans, LA 


Warden, Horace D. 
San Diego, CA 


Waterman, David H. 
Knoxville, TN 


Woods, Francis M. 
Jaffrey Center, NH 


Yee, James 
San Francisco, CA 
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New SURGILENE 
polypropylene monofilament suture. 


SURGILENE is so smooth and pliable, it glides through 
all kinds of tissue. This new polypropylene suture also ties easily 
and handles well. The result: fast, smooth procedures. 

SURGILENE is inert, so scarring is minimal, compli- 
cations few. And it's strong...with a flex life that’s unexcelled 
by any other synthetic monofilament. 

For your convenience, SURGILENE is available in our 
unique, time-saving DIRECT DISPENSING packages. 
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DAVIS+GECK 


New SURGILENE 


polypropylene monofilament suture 
comes in unique, time-saving 


DIRECT DISPENSING 





Tear inner pack 


packages. 


diagonally to expose suture. 


SURG" ENE pelvpre.j ene m 


Complete Product i maton 


DESCRIPTION 

SURGILENE poiypropylene Suture. (clear or pigment- 
ed} is a sterile, isotactic crystailine stereoisomer of a 
linear hydrocarbon polymer havirig e Mp no un- 
saturation. The pigmented suture contains Copper 
Phthalocyanine Biue 


ACTIONS 

SURGILENEL causes a minimal, transient, acute in- 
flammatory reaction. This is followed by the formation 
of a microscopic layer of fibrous tissue around the 
suture. The suture is not absorbed nor is it subject to 
degradation or weakening by the action of tissue en- 
zymes. 


INDICATIONS 
SURGILENE may be used wherever Nonabsorbable 


ug*35a3i0ent suture 


re, (ISP is recommended: 
Because of its lack of ad',erence to tissue. 
SURGILENE is efficacious as a pull-out suture. 


CONTRAINDICATIONS 
i here are no known contraindications. 


WARNINGS 

Studies to determine the safe and effective use of 
SURGILENE Suture in eye surgery have not been per- 
formed. 


PRECAUTIONS 

As with other synthetic sutures, knot secunty requires 
the standard surgical technic of flat and square ties, 
with additional throws if indicated by surgical cir- 
cumstance and the experience of the operator. 


DAVIS+GECK 


American Cyanamid Company 
Pearl River, N.Y 10965 


we 


ie 


Then, pull suture out. 


There is an ongoing carcinogenicity study in rats, the 
results of which are not yet available. 


ADVERSE REACTIONS 

tha ast common adverse reaction noted during the 
clinical investigations with SURGILENE Suture was 
rednes ‘se suture site, reported in up to 15% in 
some study populations. Edema and/or infection at 


the suture site has been noted in vo +o 87° in some 
study groups. Infr:cuca. adverse reactions reported 
include suture ex:^c»n and dehiscence (2 cases 
reported). 


i$0W SUPPLIED 
Available in (ISP sizes, non-needled or affixed to the 
various DAVIS + GECK ATRAGMATIC* needles 10/0 
thru 2 for pigmented sutures; 7/O thru 2 for clear, 
in one dozen and three dozen packages. 

Rev. 3/77 
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INFORMATION FOR AUTHORS 


Original manuscripts on thoracic, cardiac, and peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they be submitted only to 
this journal. Send manuscripts preferably by certified or registered mail to Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7173 University Hospital, Ann Arbor, MI 48104. 


The Annals welcomes correspondence. Letters are reviewed according to the same standards as other 
contributions. Unsigned letters cannot be published. 


Preparation of Manuscript Type entire manuscript double-spaced on standard-sized paper, using standard margins. Number 
pages consecutively in this order: title page, abstract, text, references, tables, legends. Place author S 
name and page number in the upper right corner of each page. Submit original typescript and 
duplicate with duplicate illustrations; retain a copy of the typescript. Provide an abstract of approxi- 
mately 150 words for an original article or collective review. Abstracts for case reports, notes, and 
"how to do it" articles may be shorter. 


Page Charges. Original articles exceeding a maximum of 9 printed pages are subject to an overage 
charge of $100 per page. There are approximately 700 words on one printed page of The Annals. A 
standard elite type, double-spaced typewritten page with 112" margins all around contains about 250 
words. Therefore, to stay within the maximum limit, manuscripts should contain no more than 25 
typed pages, including references, and proportionally less if figures and tables are included. 


Title Page. Give the paper a brief title. On page 1 of the manuscript give names of all authors, highest 
degree, institutional affiliations (limit to two), and location. If the paper has been presented at a 
scientific meeting, provide a footnote giving name of meeting, date, and location. Provide address 
for mailing proofs and indicate to whom reprint requests should be sent. 


Text. Provide succinct internal headings to clarify the paper's organization. Type footnotes on the 
manuscript page where cited. Cite tables and illustrations by number in the text. Give all weights and 
measures in metric units. 


Case Reports. Limit findings to those pertinent to the case. Negative findings that are not relevant 
should be omitted. 


References. Type double-spaced on pages separate from the text. Arrange alphabetically by author 
and number in sequence. Cite in text by number within brackets. Double-check to ensure accuracy. 
Use Index Medicus style, giving complete publication data. Examples: 


Journal article: Grondin CM, Meere C, Castonguay YR, et al: Blood flow through aorta-to- 
coronary bypass grafts and early postoperative patency: a study of 100 patients. 
Ann Thorac Surg 12:574, 1971 
Book: Baum G: Textbook of Pulmonary Diseases. Second edition. Boston, Little, 
Brown, 1974 
Chapter in book: Nardi GL: The thorax, in Surgery. Third edition. Edited by GL Nardi, 
GD Zuidema. Boston, Little, Brown, 1971, p 249 


Tables. Limit the number of tables, restrict them to material best presented in tabular form, and hold 
length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. d 


Illustration Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to the 
illustrations. Provide one legend for each illustration or grouped illustrations and number in «+. 
quence. 


Illustrations The Annals can consideronly a limited number of illustrations per papas witi;out special qpganget$mii. — 1 
Submit original artwork or unmounted original glossy prints (individua! parts separa te) in black and... ^ 
white. (Color may *^ used only by special arrangement and is subject to extra ibe À line .— 
drawing thet contains no shading or wash can be reproduced well from a glossy photograph. A line ' 
drawing witn shading, however, can be best reproduced from the original drawing. Illustrative 
material must be of good quality, suitable for reproduction and for reduction as necessary to page . 
si7a. ^hest roentgenograms should be no smaller than 13 x 18 cm. Identify by number in sequence - 

and by author's last name by writing lightly with soft pencil on the back. Indicate top of illustration. 
“Accompany photographs of recognizable persons by a signed release from the subject. All 
illustrations should be submitted in duplicate. Do not use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value to an article will be considered for publication. Part of 
the reproduction and printing costs will be borne by The Annals; the author must be prepared to pay 
$350 foz up to six finished illustrations that will fit on one side of a single page, and for any 
additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Credits and Permissions Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) from both author and publisher of the original. 


Reprints Reprints should be ordered before publication on the form supplied the author with proofs. Reprints 
ordered after the press run has been completed will be provided at increased cost. 


CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7173 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 


Cardiovascular and thoracic surgeon, 39, ABS and ABTS 
certification, seeks position. Well-trained in all aspects of 
surgery, research, and publication. Presently medical school 
faculty. Available any time either for private or academic 
practice. 


Please respond to W-56, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 
Cardiovascular and thoracic surgeon, 32, ABS and ARTS 
certification, completing additional fellowship in cer- 
diovascular surgery, FLEX, seeks association in group or 
partnership. 


\nnals of Thoracic Surgery, 
An Arbor, MI 48109. 


Please respond to W-57, T 
C-7173 University Hospita! 





—— —— -— 


Thoracic and cardiovascular s~ :9, ABS, ABTS cer- 
tified, FACS, FRCS(Eng), Fi.  ., seeks position with 
thoracic surgery 2roup doing ac : * cardiac and lung sur- 
gery. Availabl-;^ 6*..i^ ^ ^07. (ue to overseas commit- 
ment.: Tayt Pense Ba FLEA, 


Please respond to Dr. Donald Wis 
Thoracic Surgery, City ^; Hepe Nationai ean "nt 
1500 E Duarte Rd, Duarte, CA 91010 








Cardiovascular and thoracic surgeon, ABTS training re- 
quirements complei.¢ in cardiovascular and thoracic 
surgery, current!y undergoing additional training in pediat- 
ric cardiac surgery. Availabie January 1978; no geographic 
preference. 


Please respond to John B. Overton, M.D.. Children's Hospi- 
tal Medica! Center, 300 Longws `? Ave, seston, M^ 02115; 
tel: (617) 734-0000. 


i ——— —— ——————— ———— —— — s — —————MM 9 À a M — Á— 








Thoracic, cardiovascular. 3::d generai surgeon, 33, ABS cer 
tified, Cleveland Clinic trained, Béat eligible in ih ^t 
and cardiovascular surgery, Cesires group or haspitai prai 
tice. Available immediately. 


Please respond to V/-80, The Annals ot Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, M: 4810€. 





A-56 





Thoracic and cardiovascular surgeon, 38, ABS certified, 
ABTS candidate, seeks position in solo, group, or association 
leading to partnership. University trained, FLEX. 


Please respond to Che-Lu Tseng, M.D., 620 E 13th St, 
Winamac, IN 46996; tel: (219) 946-6565 (home), (219) 946- 
6450 (office). 





Cardiovascular surgeon, 37, ABTS certified, just completing 
year of cardiovascular surgery fellowship, seeks position in 
cardiovascular surgery group leading to partnership. No geo- 
graphic preference, available immediately. 


Please respond to W-82, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, university-trained 
with experience in adult and pediatric cardiac and general 
thoracic surgery, would like to join another cardiothoracic 
surgeon or group. Board-certified in general surgery. Avail- 
able July 1978. 


Please respond to W-83, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 37, university trained, previous 
teaching experience, 23 publications, seeks association with 
group or academic position. Prefer Northwest but will con- 
sider other locations. Available July 1978. 


Please respond to Michael C. Sinclair, M.D., 11 Mountain 
Rd, Lexington, MA 02173. 


Cardiothoracic surgeon, ABS certified, candidate ABTS, 
university training completed June 1977, FLEX, seeks posi- 
tion in cardiothoracic surgery. 


i'lease respond to W-85, The Annals of Thoracic Surgery, 
C-7773 University Hospital, Ann Arbor, MI 48109. 


ABS and ABTS certified, seeks group 
hip, East or Midwest. 


Surgeo: ^6, 
association part. 


Please ress ^c io W-86, The Annals of Thoracic Surgery, 


C-7173 U:.: sity Hospital, Ann Arbor, MI 48109. 

Cardiova .. xd thoracic surgeon, Board certified, seek- 

ino relocate d c ne-half years experience in private 
tice. “.valan'. immediately. 


Please respond to W-87, The Annals of Thoracic Surgery, 

C-7173 University Hospital, Ann Arbor, MI 48109. 

niarried, 
"in 


Cardiovascular and thoracic surgeon, 33, 
university-trained, no military obligations, seeks .. 
cardiac-thoracic-vascular surgery. Established grcv; co^ ow 
practice, local flexible, academic affiliation preferred vail- 
able July 1978. 


Cn ^oracic Surgery, 


Please respond tc bs: 
i ini Arb, hal 48109. 


C-7173 'civorsi, aust 








Thoracic and .erdiovascular surgeon, 32, university trained, 
tii. pesseá Part I ABS, ABTS eligible, seeks group prac- 
tice Prefer eastern US; available July 1978. 


Please respond to W-89, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 37, married, univer- 
sity trained, ABS and ABTS certified, seeks association with 
group or surgeon actively doing cardiac surgery. Com- 
prehensive adult and pediatric cardiac, thoracic, and vascu- 
lar surgical experience. Location flexible. 


Please respond to W-90, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic surgeon, 35, double Board certification, university 
trained, seeks relocation in private or academic practice. 
Experience in active adult and pediatric cardiac surgery unit, 
including general thoracic and vascular surgery, productive 
research, and clinical work. All locations considered. 


Please respond to W-91, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 38, married, seeks po- 


sition with group or association leading to partnership. 
Training in cardiac, thoracic, and vascular surgery. Complet- 
ing residency in accredited program July 1978. 


Please respond to W-92, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 38, Board-certified 
ABS, ABTS, university trained, seeks position in private 
practice, preferably with teaching responsibility. Broad ex- 
perience in cardiac and general thoracic surgery. Currently 
Director of Cardiac Surgery in teaching hospital in North- 
east. 


Please respond to W-93, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 36, university trained 
in all aspects of cardiovascular and thoracic surgery, com- 
pleting additional fellowship in cardiovascular surgery, 
seeks position in group or association leading to par*ner- 
ship. Special interest in adult cardiac and peripheral v^sculer 
surgery. Available July 1978. No geographic pr: fe-.nce. 


Please respond to W-94, The Annals o Thoracic Surgery, 
£ 7173 University Hospital, Ann Arber, MI 48109. 





——— I ——————————————— 2e — — + - 


Cardiothoracic surgeon, 34, university traincc, with ex- 
perience in all phases of adult and ped: +t. ¿ardiac and 
thoracic surgery, seeking to relocate. ABSen \ ed; presently 
in private practice. Available imiicdió ^ 


Please respond to W-95, The Annais of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 
Thoracic and cardiovascular surgeon, university trained, 
seeking. position in cardiovascular surgery, preferably in 
Calssownia: Available July 1978. 


Please respond to W-96, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 31, completing resi- 


dency in June 19/5, «*lursge medict crater in New Jersey, 
desires position: :n'.a0racic sad car i'eváscula!s 4urcery 
FLEX, ABS certified. FRCS(E). Wiil consi- ier fri sographical 
locations. of | | 


Please respond to W-98, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


A-37 





Experienced cardiovascular surgeon, 41, desires private 
practice with teaching affiliation or teaching with practice 
privileges. ABS, ABTS, experience in pediatric and adult 
cardiac surgery, research, and teaching. Curriculum vitae on 
request. 


Please respond to W-99, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 30, FRCS(C), ABS cer- 
tified, ABTS eligible 1978, seeks position for July 1978. Fully 
trained in general, adult cardiac, vascular, and thoracic 
surgery, with experience in pediatric cardiac surgery. No 
geographic preference. References and curriculum vitae 
available on request. 


Please respond to W-100, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 34, completing re- 
quirements for ABTS eligibility. University trained, Cincin- 
nati General Hospital and Charlotte Memorial Hospital, 
licensed in Ohio, Florida, and North Carolina. Available July 
1978. 


Please respond to Charles C. Voorhis III, M.D., 7039 Ridge- 
brook Dr, Charlotte, NC 28210. 


SITUATIONS AVAILABLE 





Home, office, and well-established practice in fast-growing 
city in northern Virginia, located 5 minutes from hospital 
and 45 minutes from District of Columbia. Available im- 
mediately due to death of thoracic and cardiovascular sur- 
geon. 


Please contact Mrs. Thelma H. Jamison, Exec., 9009 Sudley 
Rd. Manassas, VA 22110; tel: (703) 368-5018. 





Thoracic and vascular surgeon, Board-eligible or certified, 
wanted by group in southeast Florida. Practice limited to 
general thoracic and major =) cal vascular surgery. 


Please respond tc A-50, "ito „annals of Thoracic Surgery, 
C-7173 Universit: H..spital, Ann Arbor, MI 48109. 


One-year thoracic and ©»diovascular fellowship, July 1, 
1978, University of Tex.s affiliation. Opportunity to polish 


cardiac and thoracic surgicn’ skots ith c-4ditional clinical 
and academic experienécl While: sardgiss itor: Roarde or 
ea! '& for permanent position. Prefer apvlicenis eligibie 


Beards. S 


crienne. 


for ABI. i:pend plus benefits, travel, dependent 


uU OFF E 


Picase .espond to A-51, The Annals of Thoracic Surgery, 
C-7i/3 University Hospital, Ann Arbor, MI 48109. 
Fellowship in Pediatric Cardiovascula: Surgery. University 
medical center. Applicants must be candidates for certifica- 
tion in thoracic surgery. 


Please respond to A-52, The Annals of Thoracic Surgery, 
C-7173 University Hospital). ^ui; Arbor, MI 48109. 
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Academic position in northeastern university center avail- 
able for young cardiothoracic surgeon with clinical compe- 
tenc- and strong resc arch interests. 


“ease ‘resyrinc to A-53, The Annals of Thoracic Surgery, 
C-7173 University Hosp‘ia', Ann Arbor, MI : 48109. 








Board-certified thoracic surgeon with primary interest in 
pulmonary problems wanted. Opportunity-for academic 
career and for development of University of California, 
Davis-affiliated thoracic surgery service at Martinez Vet- 
erans Administration Hospital, located 30 miles from San 
Francisco. 


Send curriculum vitae to Charles F. Frey, M.D., Chief of 
Surgery, Veterans Administration Hospital, 150 Muir Rd, 
Martinez, CA 94553. 


Mature, experienced cardiac surgeon wanted to augment 
two-man cardiovascular surgery group. Private corporate 
practice, ideal community on Florida west coast. Immediate 
opportunity. 


Please respond to A-55, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular surgical research and clinical fellowship at 
Texas Heart Institute available. One- and two-year programs 
beginning July 1, 1978, within busy circulatory support ser- 
vice. Emphasis on experimental and clinical mechanical cir- 
culatory assistance, i.e., IABP, LVAD, and pharmacological 
support of failing circulation. Salary negotiable. 


Please respond to A-57, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Fellowship in adult cardiac surgery available July 1, 1978. 
One-year program includes extensive experience in coro- 
nary and vascular surgery. 


Please respond to A-58, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon wanted to join three- 
man group in Midwest. University-affiliated, practice lim- 
ited to thoracic, vascular, and cardiac surgery. Board- 
eligibility certificate required. 


Please send curriculum vitae to Siavosh Bozorgi, M.D., 1810 
Grant Deneau Tower, Dayton, OH 45402; tel: (513) 223-5882. 





A-38 


INDEX TO ADVERTISERS 


Shiley Laboratories Inc. 
Oxygenator Cover 2, A-1 


Sherwood Medical Industries 
Argyle Chest Drainage Unit A-2 


Olympus Corporation of America 
Bronchofiberscope A-4 


Ethicon Inc. 
Prolene A-6 


Norton Plastics and Synthetics Division 
Tygon A-8 


Codman & Shurtleff Inc. 
Surgical Instruments A-9 


Cardiac Pacemakers, Inc. 
Minilith A-10, A-11 


Chesebrough-Pond’s Inc. 
Triflo II A-12, A-13 


Datascope Corp. 
System 42 A-14, A-15 


Charles C Thomas * Publisher 
books A-16 


Instrumentation Laboratory Inc. 
Catheters A-16 


Medtronic Inc. 
Xyrel (insert) 


Ethicon Inc. 
Proximate (insert) 


Sarns, Inc. 
^. Waar, Vent Catheter A-25 


Wyei. cabozatories 
Unipen A-26, A-27, A-28 


Sherwood Medical Industries 
Aero-Flo (insert) 


Davis Geck 
Surgilene A-33. A-34 
Mill-Rose Laboratories, Inc, |... PF 


Brushing Instruments | A-;: 


Bentley Laboratories, In: 
Custom Tuve Pacs A-40, Cover 5 


The Purdue Frederick Company 
Betadine Cover 4 









Controllable, interchangeable 
and disposable brushes give 
Mill-Rose bronchial culture 
gathering instruments 
greater capabilities 








Three diameters of cellular sampling brush tips 
...1.72mm, 3mm and 5mm... now greatly widen 
the sampling spectrum of Mill-Rose Brushing Instruments for 
gathering cellular samples from the bronchial and esophageal areas 
under controllable conditions. 

The three sizes of brushing tips are bristled with nylon strands 1 
selected for their resilience, softness, and flexibility. They are medically 
designed to obtain in-depth samples with a minimum of irritation to the 
organic surface. The surgical grade stainless steel wire and nylon bristles f 
are impervious to autoclaving. Disposable brushes are readily inserted y 
snugly into the reusable Mill-Rose bronchial culture instrument under 
sterile operating conditions. 

The Mill-Rose unit allows the chest and thoracic regions to be 
sampled withov* si nery tne dangers of inserted-need'.. nlora- 
tion. All maneuvers are i«5«:y followed by X-ray obseivaicn. 





Bronchofiberscope Cleaning Kit 


Cleaning Kit includes two nylon brushes to fit =. and assige inaximur 
scrubbing action on both insertion and withd:: ‘rushes car: be 
Sterilized and re-used. Brushes are 9.3 and S.zir«.*. cntire kit is packed in 


a sturdy case. 
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LABORATORIES, INC. 


8Mi Tyler Boulevard, Mentor Ohio 44060 
Phone: 216-255-7995 e WAITS: 800-321 1380 


Send me additional information on: 


[ ] Bronchial (Fennessy Cytology [ ] Gastrointestinal Cytology Brush 
Brush with sheath. with sheath. 


[1 Mili- Twist Cytology Brush with O Bronchial Cytoic;; Instrument. 
sheath. : 
sneam C Full Line Catalog 
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where compromise 
is out of the question 


When patient safety is of prime concern, 
as it is at Bentley Laboratories, there 

is no room for compromise. That's,why, 
at Bentley, we take pride in the total 
production of Bentley tubing. Every 
step, from extrusion through final 
sterilization is completed at our facilities 
in Irvine, California. 

The highest levels of quality control, 
independent laboratory testing;* strict 
adherence to manufacturing techniques, 
extreme care in product preparation 
and packaging-all characterize our 
efforts to provide the finest tubing 
available for use during extracorporeal 
circulation. 

Currently, over 80% of Bentley 

“Implant (1 lll Tested" tubing is used in 
Custom Tube Pacs. These convenient 
packages, preassembled to customer 
specifications also contain component 
parts such as Bypass Blood Filters, Gas 
Filters and Connectors. By combining 
the desired components with required 
tubing lengths, a complete perfusion 
system is formed, sterile-packed in a 
disposable tray- ready for instant use. 

Bentley Custom Tube Pacs reduce 
inventory requirements, eliminate 





materials waste, simplify patient billing 
and provide excellent operating room 
technique. They can be assembled in any 
combination to meet your individual needs. . 
Send for your Bentley “Implant (| E 
Tested" Tubing brochure which describes 
in detail the most complete selection of 
disposable blood circuit components 
available. In addition, it tells how to 
specify your own Custom Tube Pac. 
If you have an immediate tubing require- 
ment, contact your Bentley representative. 


*U.S.P. Class VI Plastics Report available on request. 


BENTLEY LABORATORIES, INC. 
17502 Armstrong Avenue L 
Irvine, California 92705 Bs. 
(714) 546-8020 | y | 
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Custom lube Pacs 






ANTISEPTIC 
SECURITY 


in scrubbing and 
prepping 


For surgeons, nurses and patients 
the prompt, broad-spectrum action 
of BETADINE Microbicides 
provides topical antiseptic security. 


BETADINE Surgical Scrub, for 
scrubbing by the surgical team and 
for optimal skin degerming in 
prepping the patient:... promptly 
achieves full microbicidal effect with 
each usage...(inthe rare instance 
of local irritation or sensitivity, 
discontinue use in the individual). 


BETADINE Solution or BETADINE 
Aerosol Spray, to enhance antisepsis 

in prepping after initial use of 
BETADINE Surgical Scrub. BETADINE 
Solution and BETADINE Aerosol Spray 
are film-forming...activeinthe pesa 
of blood, pus and serum...help 
maintain postoperative antisepsi S when ` 
applied to incisions. 





Purdue Frederick 


© COPYRIGHT 1975, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06856 A7982 165175 


BETADINE 
Microbicides 


Foremost documented f». | 
broad-spectrum 
topical microbicides 
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4Ow does the thougnt 


X a 12-year pacemaker 
strike you’ 


elp you decide, take a look at the Vitalith™ 
iy. After all, the best way to learn what 

're going to get out of a pacemaker is to 

w what goes into it. 

And what goes into Vitalith is the whole 
on why this is the most innovative pulse 
rator available today. 

1. A patented converter that makes stim- 
ion rate independent of output circuit load. 
‘ou can accurately predict remaining 
ery life. 

2. Energy conserving discrete circuitry 
uses only 6.1wA when pacing. 1.54A, 

n not pacing. 

3. A pure titanium case and case/lid weld 
liminate chance of corrosion. 

4. A complete system analysis of five 
ing parameters without surgical intervention. 

5. Redundant feedthrough insulation to 
id short circuiting due to dendritic growth. 

6. An obliquely positioned connection for 
mal lead positioning and universal lead 
2ptance without adaptors. 

7. A biocompatible case with large-radius 
es, small dimensions and low density min- 
zes pocket complications. 

8. And Vitalith's Catalyst Research type 
/23 lithium-iodine power source that 
»s give Vitalith an anticipated service life 
2 years.* 

For more information write Vitatron 
dical, Inc., One Gateway Center, Newton, 
02158. Vitatron Medical b.v., P.O. Box 
NL6210 Dieren, The Netherlands. 


'r 12 years service life expected under worst case conditions, 
ohm load, 1.0 millisecond pulse duration; over 19 years, 
ms duration. 
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After seven years and thousands of procedures, 

PROLENE suture continues to prove its clinically important 
qualities and characteristics; Monofilament smoothness, 
strength, pliability, knot security and resistance to 


fatigue-induced fracture. Inert PROLENE suture induces 
only a minimal tissue reaction and does not harbor bacteria. 
PROLENE suture retains in vivo tensile strength after 
prolonged implantation even in the presence of infection. 


ETHICON i 


"ROLENE* Polypro = Nonabsorbable Surgical Suture WITH ATRALEASE* CONTROL RELEASE* Needle differs from U.S.P. onl in needle attachment 
imits. INDICATIONS — PROLENE ixi Suture may be used wherever a nonabsorbable surgical suture is recommended. CONTRAINDICATION 
Jone known. WARNINGS — ATRALEASE CONTROL RELEASE needle sutures should not be resterilized by steam autoclave as it may affect needle pull-off. 
>RECAUTIONS — As with other synthetic sutures, knot security requires the standard surgical technic of flat and square ties, with additional throws if indicated by 
urgical circumstance and experience of the operator. ADVE REACTIONS — Transitory local inflammatory reactions have been re . SUPPLIED — 
ATRALEASE CONTROL RELEASE needle sutures are available in pigmented and clear sutures, sizes 2 thru 4/0. See package insert for full information. 
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CPI offers new low profile 
sutureless myocardial lead 








with pressure-free release 


The moment of truth. The electrodes in place as 
you prepare for disengagement of the head from the 
insertion tool. 

Until now, with sutureless leads you ran the 
risk of pushing or pulling on delicate heart tissue. 
But CPle has solved that with their new sutureless 
myocardial lead with pressure-free release. The CPI 
unique design allows you to maintain the electrode 
firmly in position while detaching the electrode 
with a retrograde motion. The head releases easily... 
without pressure. 

This is only part of the story. CPI engineer/ 
designers took triple-wound helical coil conductors 
to provide triple redundancy. They added a 10 mm? 
corrosion-free 70% platinum-30% iridium electrode. 


OTHER'S 
ACTION 


ži 
Ea D RN 
NA EDEN: 


TON-SLIM SILHOUETTE is significantiyiower OLDE 
TUS than sutureless leads presently available. 


Fatigue-resistant alloys. Biocompatible silicone 
rubber sheathing. Reliable materials. Reliable 
engineering. 

In total, this new concept in sutureless leads is 
consistent with CPI leadership in lithium pacemakers 
that continue to set industry standards for 
reliability. Find out more today by writing or calling 
CPI toll free, 800-328-9588. 


Cardiac Pacemakers, Inc. 

4100 North Hamline Avenue 

P.O. Box 43079 

St. Paul, Minnesota 55164, U.S.A. 


Telephone: (612) 631-3000 
Cable: Cardiapace, St. Paul 
Telex: 29-7049 


©1978, Cardiac Pacemakers, Inc. 


METHOD requires 


a pushing action toward the at- 
tachment point. The CPI lead 
detaches from the insertion 
tool, witha movement away from 
the heart. 
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Preparation of Manuscript 


Illustrations 


Credits and Permissions 


Reprints 


INFORMATION FOR AUTHORS 


Original manuscripts on thoracic, cardiac, and peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they be submitted only to 
this journal. Send manuscripts preferably by certified or registered mail to Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7173 University Hospital, Ann Arbor, MI 48104. 


The Annals welcomes correspondence. Letters are reviewed according to the same standards as other 
contributions. Unsigned letters cannot be published. 


Type entire manuscript double-spaced on standard-sized paper, using standard margins. Number 
pages consecutively in this order: title page, abstract, text, references, tables, legends. Place author's 
name and page number in the upper right corner of each page. Submit original typescript and 
duplicate with duplicate illustrations; retain a copy of the typescript. Provide an abstract of approxi- 
mately 150 words for an original article or collective review. Abstracts for case reports, notes, and 
"how to do it" articles may be shorter. 


Page Charges. Original articles exceeding a maximum of 9 printed pages are subject to an overage 
charge of $100 per page. There are approximately 700 words on one printed page of The Annals. A 
standard elite type, double-spaced typewritten page with 112" margins all around contains about 250 
words. Therefore, to stay within the maximum limit, manuscripts should contain no more than 25 
typed pages, including references, and proportionally less if figures and tables are included. 


Title Page. Give the paper a brief title. On page 1 of the manuscript give names of all authors, highest 
degree, institutional affiliations (limit to two), and location. If the paper has been presented at a 
scientific meeting, provide a footnote giving name of meeting, date, and location. Provide address 
for mailing proofs and indicate to whom reprint requests should be sent. 


Text. Provide succinct internal headings to clarify the paper's organization. Type footnotes on the 
manuscript page where cited. Cite tables and illustrations by number in the text. Give all weights and 
measures in metric units. 


Case Reports. Limit findings to those pertinent to the case. Negative findings that are not relevant 
should be omitted. 


References. Type double-spaced on pages separate from the text. Arrange alphabetically by author 
and number in sequence. Cite in text by number within brackets. Double-check to ensure accuracy. 
Use Index Medicus style, giving complete publication data. Examples: 


Journal article: Grondin CM, Meere C, Castonguay YR, et al: Blood flow through aorta-to- 
coronary bypass grafts and early postoperative patency: a study of 100 patients. 
Ann Thorac Surg 12:574, 1971 
Book: Baum G: Textbook of Pulmonary Diseases. Second edition. Boston, Little, 
Brown, 1974 
Chapter in book: Nardi GL: The thorax, in Surgery. Third edition. Edited by GL Nardi, 
GD Zuidema. Boston, Little, Brown, 1971, p 249 


Tables. Limit the number of tables, restrict them to material best presented in tabular form, and hold 
length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Illustration Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to the 
illustrations. Provide one legend for each illustration or grouped illustrations and number in se- 
quence. 


The Annals can consider only a limited number of illustrations per paper without special arrangement. 
Submit original artwork or unmounted original glossy prints (individual parts separate) in black and 
white. (Color may be used only by special arrangement and is subject to extra charges.) A line 
drawing that contains no shading or wash can be reproduced well from a glossy photograph. A line 
drawing with shading, however, can be best reproduced from the original drawing. Illustrative 
material must be of good quality, suitable for reproduction and for reduction as necessary to page 
size. Chest roentgenograms should be no smaller than 13 x 18 cm. Identify by number in sequence 
and by author's last name by writing lightly with soft pencil on the back. Indicate top of illustration. 
Accompany photographs of recognizable persons by a signed release from the subject. All 
illustrations should be submitted in duplicate. Do not use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value to an article will be considered for publication. Part of 
the reproduction and printing costs will be borne by The Annals; the author must be prepared to pay 
$350 for up to six finished illustrations that will fit on one side of a single page, and for any 
additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) from both author and publisher of the original. 


Reprints should be ordered before publication on the form supplied the author with proofs. Reprints 
ordered after the press run has been completed will be provided at increased cost. 


Medtronic’s New Pacemaker Gives You 
Simplicity, Safety and Eight 
Programmable Rates. 


SIMPLICITY. Doctor, the Xyrel*-VP system offers you sim- 
plicity in rate programming. All you have to do is tum a dial 
directly to the rate desired and push a button. Immediately, 
the rate you select becomes the pacemaker pacing rate. 

PROGRAMMABILITY. And when you use the Xyrel*-VP sys- 
tem, all you have to do is adjust rate. There's no need for 
you to make pulse width adjustment. Medtronic's patented 
Constant Energy circuit automatically programs pulse width 
to compensate for the declining voltage of the lithium 
power source. As voltage drops, pulse width increases, 
keeping energy available for stimulation nearly constant. 





SAFETY. The Xyrel*-VP pacemakersystem has built-in safety 
features—such as an interlock switch on the rate controller 
that prevents inadvertent programming of the 30 ppm 
diagnostic rate. You also know the Xyrel*-VP pacemaker is 
safe for your patient because it has the safety features and 
quality control that have made Xyrel* the world's most pre- 
scribed lithium pacemaker. The Xyrel*-VP is the result of 
more than twenty-seven years of pacemaker design, re- 
search and manufacturing experience. It's another leacer 
from the company that has a tradition of leadership in 
pacing. 


USING THE 9600A CONTROLLER 
IS AS EASY AS 4, 2, 3 


1. Select the desired pacing rate by turning 
the “Rate” knob. 

2. Center the rate controller directly over the 
pulse generator and hold in place for three 
seconds. 

3. Press and release the “Program Activate” 
button. That's all there is to it! 









MEDTRONIC® 9600 A 
RATE CONTROLLER 
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YOU GET PROVEN XYREL' DESIGN AND 
PERFORMANCE FEATURES. 


nostic rate of 30 ppm lets you determine 
patient's intrinsic rhythm while providing a 
basic pacing rate to maintain circulatory 
system function. An interlock switch on the 
programmer helps prevent inadvertent use 
of the 30 pom program. A special push 
button must be depressed simultaneously 
with the "Program Activate" button to effect 


1Y SHOULD 
JU CHOOSE THE 
'REL-VP SYSTEM? 


E XYREL '-VP SYSTEM OFFERS A STEP 
NGE IN RATE: A step increase or de- 


O Constant Energy. A programmed in- 
crease in pulse width providesrelatively 
constant energy to maintain capture for 
most patients as the power source voltage 
drops. 

O Constant Rate. The selected rate re- 


se (five or ten beats per minute) is easy 
easure, yet can provide enough rate 
ttion to provide clinical benefit in both 
er and faster rate ranges. 


DEI * V/D DAMCAAAVEDC CYEEED A NIAC. 


30 ppm rate, otherwise a 70 ppm rate is 
automatically programmed. 


YOU SELECT FROM A WIDE RANGE OF 


RATES. You can choose between seven 
Narinn ratac (RO AN 70 75 8NA 90 and 490 


mains stable for the service life of the pace- 
maker; however, once the voltage depletes 
lo a pre-determined, safe level, a gradual 
but easily detected rate decrease occurs 
to communicate the need for cacemaker 


WITH THE XYREL' -VP SYSTEM 
YOU CAN PROGRAM RATE 
mem IN A VARIETY OF SITUATIONS 


IN THE STERILE PACKAGE. A special package 


ag. allows you to program the pulse generator 
Lll rate prior to implant, prior to entry into the 
T sterile field, without having to sterilize the 
i programmer. 
^N IMMEDIATELY POST-OP. You can change rates 


even during implantation. 
| IN YOUR PATIENT'S ROOM OR YOUR OFFICE. 


N " 
3 N \ \ easily and quickly immediately post-op and 






UNIQUE RATE SELECTION 


Seven pacing rates are available, as 

well as a unique diagnostic rate that allow 
you to determine your patients underlying 
intrinsic rhythm. 


_] Lithium. Xyrel*-VP offers an advanced CLINICAL APPLICATIONS OF RATE PRO- For further information on the applications 
ittery, custom designed by Medtronics GRAMMABILITY. All of the indicationsforven- and capabilities of the Xyrel"-VP system, 
in EnerTec" lithium power source manu- tricular demand pacing apply to this prod- be sure to fill out the coupon on the follow- 
Sturing facility. uct. Rate programming makes the Xyrel^-VP — ing page. 

_] Fine-Tuned Sensing. The Xyrel^-VP cir- particularly useful in a number of clinical 

it offers sensitivity to a wide range of applications. These include: 

vaves providing efficient sensing and the 
pability to differentiate between R-waves 
d myopotentials or most common forms [H Coronary Heart Disease with Angina 
50 Hz interference. Pectoris. 

_] Hermetic Seal. Medtronic combines [O Valvular Heart Disease. 

am welding and the corrosion resistance 
titanium to maintain the intearitv of the 


LJ Sick Sinus Syndrome. 


L] Overdriving Ventricular Arrhythmias. 


MEDTRONIC IMPLANTABLE PULSE GENERATORS 


INTENDED USES Ventricular pacing using an implantable ventricular pulse generator is for long-term therapeutic control of heart rate in patients with impulse formation or conduction 
isorders leading to bradyarrhythmias. tachyarrhythmias and heart block (see product labeling for detailed list of intended uses) 


CONTRAINDICATIONS There are no known contraindications to the use of pacing as a therapeutic modality for the control of hear rate. The patient's age and medical condition. 
Dwever, may dictate the particular pacing systems and implantation procedure used by the physician 


WARNINGS Diathermy should not be used on patients with pacemakers because of possible heat damage to electronic components. Electrosurgical units should never be used in the 
cinity of unipolar pulse generators or bipolar pulse generators implanted in the unipolar mode because of danger of introducing fibrillatory currents into the heart via the implanted 
Ise generator lead. Pulse generators may be damaged by defibrillatory discharges if the paddles are placed over the implanted pulse generator. 

PRECAUTIONS The physician should be oware thot all pulse generators will ultimately cease to function. ond may fail at any time due to random component or battery failures which 

aNNOt be predicted prior to failure. Also. thot the pacing system may cease to function at any time due to lead-related problems such as displacement, fracture, fibrotic tissue formation, 
d elevated thresholds, and that proper operation may be offected by electrical interference from equipment using electrical energy, or medical complications. 


SIDE EFFECTS Body rejection phenomena, including local tissue reaction, muscle and nerve stimulation. infection. erosion of pulse generator/lead through skin. transvenous lead- 
lated thrombosis. emboiism and cardiac tamponade 


XYREL*-VP—PART OF A 
COMPLETE, VERSATILE SYSTEM 


The Xyrel*-VP pacemaker is available in both Prescribe the Xyrel"-VP from Medtronic. 
unipolar and bipolar models. The Model 9600A For more information contact your 
controller can program any of the Medtronic Medtronic representative or fill out and 
Xytron" or Xyrel" ventricular inhibited pr mail the coupon below. 
rate adjustable pacemakers. Med- 
tronic also offers you advanced 
endocardial and myocardial 
leads. Medtronic also is the 
leader in producing pacemaker 
support products, such as the 
Telelrace" Telephone Monitoring 
System; the Pacing System Ana- 
lyzer; and atrial and ventricular 
external pacemakers. 


Mail To: Medtronic, Inc., 3055 Old Highway Eight, P.O. Box 1453, 
Minneapolis, MN 55440 USA 


O Send further application and product information on the Xyrel"- VP system. 
O Have your representative contact me. 


Hedonic 


Helping You Help 
the Pacemaker Patient. 


Name. ee 
Affiliation 
Street 


City 


Copyright © 1978, Medtronic, Inc. 
NAC 77NAAA 











Controllable, interchangeable 
and disposable brushes give 
Mill-Rose bronchial culture 

gathering instruments 
greater capabilities 





«CN 
n. 


“ 
* 
^s 
*. 
a 
*s. 
*v 
h 
" 
L 
“on 
"e, 
+a 
, 
4. 
do 
"i 
t, 
^ 
^ 
e. 
* ud 
ʻi 


Te 
nens 





Three diameters of cellular sampling brush tips 
...1.72mm, 3mm and 5mm... now greatly widen 
the sampling spectrum of Mill-Rose Brushing Instruments for 
gathering cellular samples from the bronchial and esophageal areas 
under controllable conditions. | 
The three sizes of brushing tips are bristled with nylon strands 


selected for their resilience, softness, and flexibility. They are medically 

designed to obtain in-depth samples with a minimum of irritation to the 

organic surface. The surgical grade stainless steel wire and nylon bristles 7 / 

are impervious to autoclaving. Disposable brushes are readily inserted Ta i ; 


snugly into the reusable Mill-Rose bronchial culture instrument under d 
sterile operating conditions. 
The Mill-Rose unit allows the chest and thoracic regions to be 
sampled without surgery and the dangers of inserted-needle explora- 
tion. All maneuvers are readily followed by X-ray observation. 








Bronchofiberscope Cleaning Kit 


Cleaning Kit includes two nylon brushes to fit snugly and assure maximum 
scrubbing action on both insertion and withdrawal. Brushes can be 
sterilized and re-used. Brushes are 2.3 and 3.2mm. Entire kit is packed in 
a sturdy case. 





jumamum mmm —— eee ea n 
For information, 





Clinical reprint, and Send me additional information on: 
prices, write or phone: C] Bronchial (Fennessy Cytology C Gastrointestinal Cytology Brush 
Brush with sheath. with sheath. 


C^ 
MILL-ROSE 
LABORATORIES, INC. 


8141 Tyler Boulevard, Mentor, Ohio 44060 
Phone: 216-255-7995 e WATTS: 800+321 1380 


C] Mill- Twist Cytology Brush with C] Bronchial Cytology Instrument. 
sheath. [] Full Line Catalog 


Name 

Hosp. ór clinic — —————— Á— Áo cctadc eR MN 
Address 

CU NUMEN E E QNSE... D DARUM, SD 


lange ot pace... 


om CPI, 

e versatile 

aw MICROLITH-P for 
'ecision programming 
both pulse rate 

1d width at the 

uch of a button. 


dle change. And because a pacemaker must become 
itegral part of a human being, CPl« designed the new 
ROLITHae-P, the only non-invasive programming system 
makes precise adjustment of both pulse rate and width 
nple pushbutton operation. With the quartz-crystal- 
rolled MICROLITH-P, you can adjust rate from 30 to 119 
| in single pulse increments... width from 0.1 to 1.9 

n 0.1 ms increments (.05 ms can also be programmed). 
Il done with a compact, digital programmer thats 

ər to use than a pocket calculator. It takes less than 2.5 
ynds. And a simple EKG reading lets you know 

iediately that the program's been accepted. Fast, flexible, 
irate pace-changing at your office or the hospital. 


| the shape of the MICROLITH-P is new. Semi-elliptical. 
more rounded surface on the external side to look 

feel more natural...to reduce risk of pocket complica- 
;. With more flat surface on the internal side to minimize 
'ation and tissue erosion. Small. Thin. Lightweight. 

ape thats a natural to simplify implantation and assure 
int comfort. 


theres more eSuperior moisture resistance thanks to 
ecial new parylene coating used only by CPI for encapsulat- 
1ternal circuitry e Time-tested lithium power source and 

id C-MOS circuitry e Predictable 2-step elective replacement 
(ERT) indicator e Excellent electromagnetic interference 

I) rejection e Runaway protection e Multiple hermetic 

ng e X-Ray identification e Demand mode with choice of 
olar and bipolar configurations e Compatibility with most 
imonly used leads e A limited warranty for up to 6 years* 


ROLITH-P...another advanced CPI pacing system 

«ed by 5 years of successful experience with lithium pulse 
2rators that continue to set industry standards for reliability. 
out more today by writing or calling CPI toll free, 
328-9588. 


ranty statement available upon request 





Cardiac Pacemakers, Inc. 

4100 North Hamline Avenue 
P.O. Box 43079 

St. Paul. Minnesota 55164, U.S.A 


Telephone: (612) 631-3000 
Cable: Cardiapace, St. Paul 
Telex: 29-7049 





© 1978 Cardiac Pacemakers, Inc 





On October 11, 1977, 2'^-hour-c 
Lesley Jane Nelson became tI 
youngest person ever to receive 
pacemaker implant. The pacer 
the new CPI MICROLITH-P— one 
the smallest, most versatile puls 
generators available. Because tl 
rate of the MICROLITH-P can 
programmed non-invasively fra 
119 ppm to successively slow 
rates in single-pulse incremen 
Lesleys heart rate can closely dup 
cate the rate changes of a norm 
child during her early growir 
years. Lesley is shown here with h 
parents 3 months after implar 





The only exercise 


Whea low S.M.I. 

starting flow rate is 

desired? the patient raises 

only the ball in the first chamber. 

The resting position of the second 

chamber Ball indicates that the desired flow rate has not been 
significantly exceeded. When a higher S.M.I. flow rate is appropriate, 
the patient raises the balls in both the first and second chambers. 
The third chamber ball, at rest, then acts as the monitor. 





incentive | 
Deep-Breathing 
Exerciser 


The postoperative loss of spontaneous deep breaths (the 
sigh or yawn), can contribute to atelectasis, pneumonitis 
and hypoxemia— major respiratory complications of 
abdominal and thoracic surgery!” 


stained Maximal Triflo II provides a unique, lightweight monitoring syste 
spiration for slow S.M.I. When used as directed, Triflo Il supports 
“...the most efficacious maneuver available for preventing 
and reversing alveolar collapse’? with minimal risk of 
" ...gross over-distention and possible rupture of patent 
alveoli during maximal hyperinflation? 


Approximate measurement of patient progress can be 
made and recorded by charting volume inspired per 
second: light blue (600 cc/sec)*; medium blue 

(900 cc/sec)*; dark blue (1200 cc/sec)* 


The physician, therapist or patient can evaluate progress 
3 (0/*1 (eov quickly and efficiently, at a glance. 
*Volume inspired/Time (sec.) 
otivates Triflo II is designed simply and attractively to enable 
patients, physicians and therapists to observe individual 
a improvement through the use of the three chamber 
ith three- system. Lightweight, economical, compact, easy to 
assemble, easy to use...requires minimum instruction, 


hal ! Der minimum supervision... ideal in the hospital or at home. 
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Bartlett RH, Gazzaniga AB, Geraghty TR: Respiratory maneuvers to prevent postoperative 
pulmonary complications: a critical review. JAMA 224:1017-1021, 1973. 
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Only 


ETHIBOND 


PONESI ER SUTURE 
has polybutilate 


e first coating designed for Surgery 








All coated sutures available until now have been coated with 
commercial lubricants. ETHIBOND suture, a braided polyester, is 
coated with polybutilate, also a polyester but developed specifically 
for surgical use. 

Since polyester coating has a natural affinity for polyester 
braid, a strong cohesive attraction forms — and minimum polybutilate 
is required for maximum lubrication. Each suture is uniformly coated 
according to size, virtually eliminating any possibility of the lubricant's 
flaking, shredding or beading. Thus, ETHIBOND suture exhibits less 
tissue reaction compared to sutures which tend to exfoliate their coating. 

With its minimum polybutilate coating, ETHIBOND suture 
has a soft, pliable hand — easy to tie and knot. It passes through tissue 
with an ease that can be compared to monofilament suture materials. It 
has high tensile strength, and retains its strength in vivo. 

ETHIBOND suture is available in a full range of sizes, in 
precut unthreaded sutures or swaged to Super-Smooth needles 
specifically designed for cardiovascular surgery. 

The cardiovascular surgeon who prefers braided sutures will 
find the smoothness, strength and minimal reactivity of ETHIBOND 
suture of value in valve replacements, graft-to-tissue anastomoses and 
revascularization procedures. 


ETHICON 











COMPLETE PRODUCT INFORMATION 





ETHIBOND* 


POLYESTER SUTURE 


NONABSORBABLE 
SURGICAL SUTURE, U.S.P. 


DESCRIPTION 

ETHIBOND suture is nonabsorbable, braided, polyester 
(polyethylene terephthalate or MERSILENE* polyester) fiber 
uniformly coated with polybutilate, or poly [oxy-1, 
4-butanediyloxy (1,6-dioxo-1,6-hexanediyl)]. The highly adher- 
ent coating is a biologically inert, nonabsorbable compound 
which acts as a lubricant to mechanically improve the physi- 
cal properties of the uncoated suture by improving ease of 
passage through tissues and by providing overall improved han- 
dling qualities as contrasted to the braided, uncoated fiber. 


ETHIBOND sutures are sterile, inert, and elicit minimal tissue 
reaction. They are braided for optimal handling properties, 
and for good visibility in the surgical field the dyed sutures are 
colored with D&C Green No. 6. 


ACTIONS 

ETHIBOND sutures are strong, nonabsorbable sutures: sub- 
cutaneous tissue implantation in rats shows that no signific- 
ant change in the retention of tensile strength of the suture 
occurs during the entire evaluation period of 180 days. Both 
the polyester fiber suture material and the polybutilate coating 
are pharmacologically inactive. 


INDICATIONS 
ETHIBOND suture is intended for use as a nonabsorbable 
suture. 


CONTRAINDICATIONS 


None 


WARNINGS 
ETHIBOND polyester sutures have not been evaluated in 
ophthalmic surgery. 


Do not resterilize. 
PRECAUTIONS 
As with all sutures, acceptable surgical practice must be fol- 


lowed with respect to drainage and closure of infected 
wounds. 


Knot security requires the standard surgical technique of flat 
and square ties, with additional throws if indicated by surgical 
circumstance and the experience of the operator. 


Two-year carcinogenicity studies in Long-Evans rats demon- 
strated no carcinogenic potential. 


ADVERSE REACTIONS 

Slight erythema and/or induration at suture sites have been 
reported in approximately 2% of the patients in whom 
ETHIBOND sutures have been used, a not unexpected reaction. 


DOSAGE AND ADMINISTRATION 


Use as required per operation. 


HOW SUPPLIED 


ETHIBOND sutures are available sterile as green braided and 
undyed (white) strands in sizes 5 to 7/0 in a variety of lengths, 
with and without needles, in one and three dozen units. 


*Trademark 


EIHICON 


Subscription Service 


Attach your mailing 
label here 


and mail this whole 


form to 


The Annals of Thoracic Surgery 
Little, Brown and Company 

34 Beacon Street 

Boston, MA 02106 


Change of Address? 

Please give us 4 weeks advance notice. Attach the label 
for your old address above, write in your new address 
below. 


Entering a New Subscription? 

Check the box and fill in your name and address be- 
low. Include your check in the amount shown below. 
(To order a gift subscription please attach a separate 
sheet with full instructions and include payment.) 


Renewing? 

Check the box below, include your check in the 
amount shown below — and make sure your mailing 
label is correct. 


A Question, Complaint? 
We can serve you better and faster if you will enclose 
your mailing label with any correspondence. 


Please send The Annals of Thoracic Surgery 
1 Year (12 issues) 


USA Canada Foreign 


Individual $34.50 $35.50 $37.50 
Resident, Intern $25.00 $26.00 $28.00 
Institution $39.50 $40.50 $42.50 


L] New Subscription [] Renewal 


O Payment enclosed 
in the amount of $ 


Name 


Address 





City 


State/Zip 
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Thousands of clinical procedures 
substantiate measurable advantage 








r the Iravenol T MO Membrane Oxygenato: 


etheintroduction ofthe Travenol TMO Membrane Oxyge- 
r, surgeons have devoted significant effort to clinical 
uations of this gas exchange device used during cardio- 
Yonary bypass. Independent teams led by Berry and 
akey reported that the TMO oxygenator produced less 
ma to the blood than bubble oxygenators!2 Solis 
ited it with better maintenance of platelet function3 
ording to the experience of Heimbecker et al, the unit 
ributed to lower levels of plasma hemoglobin during 
iss and higher platelet survival rates. He also reported 
ctions in postoperative bleeding (chest drainage) and 
need for banked blood’ Of major significance is the 
ence submitted by Liddicoat et al verifying that the TMO 
Jenator provided superior performance during cardio- 
1Yonary bypass when compared to bubble oxygenators5 
The Travenol TMO Membrane Oxygenator provides 


ences 

ry, W.B.. Davis, L., and Daniell, M.B. Clinical trial with a disposable membrane 
nator. From the Division of Cardiovascular and Thoracic Surgery, Memorial 
tal, Chattanooga, Tennessee. (Unpublished data—reprint of study available.) 
iil, A.C., Jr, Solis, R.T., Kakvan, M., Morris, G.C., Jr, Noon, G.P., and DeBakey, M.E 
al experience with the Teflo'* disposable membrane oxygenator. Ann. Thorac 
Vol. 21, No. 2, February 1976. 3. Solis, R.T., Kennedy, P.S.. Beall, A.C., Jr, Noon, 
and DeBakey, M.E. Cardiopulmonary bypass— microembolization and platelet 


nt pto 


these advantages at costs comparable to bubble oxygenatc 
In addition, gas transfer across the membrane elimina! 
oxygenator-created microbubbles. This method of gas « 
change within the TMO Membrane Oxygenator more clos: 
resembles that of the normal human lung and will pert 
independent control of oxygen and carbon dioxide transf 
The oxygenator is designed to operate at blood flow ral 
up to 6 liters per minute and, under standard test conditio! 
will transfer 300 ml of oxygen per minute. 

Copies of the previously mentioned papers and thc 
others listed pertaining to the TMO Membrane Oxygena 
are available upon request from your Travenol Cardiop 
monary Systems Specialist. 


The Travenol TMO Membrane Oxygenator is the unit formerly referred to 
as the Travenol MODULUNG-TEFLO Membrane Oxygenator 


aggregation. Circulation, Vol. 52, July 1975. 4. Heimbecker, R.O.. McKenzie. F 
Wall, W.. Robert, A., Barnicoat, K.T., and Gergely, N. Bloodless open heart surgery — 
blood sparing effect of a membrane oxygenator and an atraumatic circuit. Abstrac 
paper submitted to the Society of Thoracic Surgeons, 1976. 5. Liddicoat, J.E., Beka: 
S.M., Beall, A.C., Jr. Glaeser, D.H., and DeBakey, M.E. Membrane vs bubble oxygena 
clinical comparison. Ann. Surg., Vol. 181, No. 5, May 1975 

Additional references on page 4 


ie 





ARTIFICIAL ORGANS DIVISION 
TRAVENOL LABORATORIES. INC. 


the Travenol TMO 
Membrane Oxygenator... 


jerformance you can count on 


DEERFIELD, ILLINOIS, US. A. 60015 
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Source: Graph constructed from data 
presented in reference No. 4. 


No. of cases —TMO Oxygenator 65 
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Bubble TMO Bubble TMO 
Oxygenator ^ Oxygenator ^ Oxygenator Oxygenator 
w/o filter w/o filter w/0 filter w/o filter 


ADP Concentration 
0.2 um 


ADP Concentration 
20um 


Source: Graph constructed from data presented 
in reference No. 3. 


ICATIONS 

Travenol TMO Membrane Oxygenator is indicated 
ne oxygenation of blood andthe removal of carbon 
ide from it in an extracorporeal circuit during 
cardiopulmonary bypass at flow rates up to 6 
s/minute at altitudes not in excess of 2400 feet 

) meters) 


ITRAINDICATIONS 

‘ction of patients as candidates for oxygenation is 
ly a medical responsibility and the outcome is 
endent on many variables, including patient 
ology and surgical and perfusion procedures 


ININGS 

uation of this oxygenator at elevated altitudes 
shown inadequate outlet partial pressure for total 
iss (apparently because of lower O» partial 

sure differences across the membrane). Until 
opriate modifications are made, use of this device 
titudes above 2400 feet (730 meters) is not 
immended 

patients who are actively bleeding, medical 

jment must be exercised in the use of the device 
efits of oxygenation must be weighed against 
;oftotal body heparinization. Oxygenrequirements 
transfer rates are influenced by many variables 
ng perfusion 


50 — MICROEMBOLI PRODUCTION 
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Volume of Particles (x 10u/mm’) 
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Venous Arterial Venous Arterial 
Bubble TMO 
Oxygenator Oxygenator 


Source: Graph constructed from data presented 
in reference No. 3. 


25 POSTOPERATIVE BLOOD LOSS 





= Investigator Group A 

2 20 

= 

E 

p 

z 15 

= 

N 

" 

= 

Yi 10 

uU) 

el 

O 

<a 

g 5 

an 
Bubble TMO Bubble TMO 
Oxygenator Oxygenator, Oxygenator ^— Oxygenator 


Perfusion Time 60-90 min 
22 TMO cases 15 TMO cases 
23 Bubbler cases 16 Bubbler cases 
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All cases w/o arterial filter 


Perfusion Time < 60 min 


Source: Graph constructed from data presented 
in reference No. 5. 


Use of blood suction devices must be limited where 
possible 


PRECAUTIONS 
Adequate heparinization is essential. If the oxygenator 
is used in hyperbaric environments, both sides of the 
oxygenator must be referenced tothe same pressure 
The gas outlet port should remain open and free of 
any obstructions 

Before using. refer to complete directions 
accompanying the product 
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Reapp 


raisal of Solitary Bronchiolar 


(Alveolar Cell) Carcinoma of the Lung 


Edward R. Munnell, M.D., Emery Dilling, M.D., R. Nathan Grantham, M.D., 
Michael R. Harkey, M.D., and John A. Mohr, M.D. 


ABSTRACT Twelve patients with solitary bronchio- 
lar carcinoma had lobectomy and were followed for 
up to 16 years. The concept of a multicentric origin of 
bronchiolar carcinoma, maintained for more than 
eight decades, should be discarded. The neoplasm 
arises indolently and usually in an area of pulmonary 
fibrosis. After lobectomy patients can now expect to 
follow one of four courses: (1) to be alive and well 
without recurrence; (2) after several years to have 
pulmonary recurrence or a new carcinoma; (3) with 
minute spread at the time of lobectomy to have metas- 
tasis develop in a short period; or (4) to die of unre- 
lated conditions. The overall 5-year survival with 
this tumor is about 75%. Late recurrence or the de- 
velopment of another primary tumor, however, 
prompts the need for prolonged follow-up. Immuno- 
logically, patients have circulating antibodies when 
well and demonstrable circulating antigens with re- 
currence. The survival rate of selected patients with 
solitary bronchiolar carcinoma (eliminating those pa- 
tients with microscopic spread from the primary neo- 
plasm at the time of resection and those dying of other 
causes) was 100% after5 years and 75% after 10 years. 


The pulmonary neoplasm more commonly 
known as bronchiolar carcinoma and less com- 
monly as alveolar cell carcinoma continues to be 
a controversial malignancy. During the past two 
decades, the 80-year-old concept that this neo- 
plasm arises multicentrically has essentially 
been discounted [3, 10, 14, 20, 21]. It is still 
unclear, however, whether this neoplasm has 
any relationship to previous inflammatory dis- 
ease, and its indolent nature, its immunological 
character, and its course, which differs greatly 
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from most pulmonary neoplasms, remain puz- 
zles. 

In 1876 Malassez [15] reported a nodular neo- 
plasm with diffuse involvement of the lungs. 
His paper established the concept that patients 
with bronchiolar carcinoma would probably die 
within a few months of diagnosis. However, the 
current aggressive practice of removing solitary 
parenchymal lesions, prompted by a desire to 
reach pulmonary neoplasms at an early stage, 
occasionally leads to the extirpation of a lesion 
with a histological pattern similar to bronchio- 
lar carcinoma. Despite this pattern, similar to 
that in patients with diffuse disease, these pa- 
tients have not died within a few months. 

Patients with bronchiolar carcinoma of the 
lung can now expect one of four outcomes: (1) to 
be alive and well without recurrence; (2) after 
many months or years to have pulmonary re- 
currence or a new pulmonary carcinoma; (3) to 
have metastases in a short period; or (4) to die 
of unrelated conditions. In the present series, 
the patients had asymptomatic solitary lesions 
and were followed from 1961 to the time of writ- 
ing. 


Illustrative Case Reports 
Living and Well (Patient 1) 


A 55-year-old white woman was seen in July, 
1961, because of five days’ pain in the left an- 
terior chest. A chest roentgenogram revealed an 
ill-defined infiltrate in the apex of the contralat- 
eral lung. The patient, a nonsmoker, had been 
exposed to tuberculosis and a fungus environ- 
ment. Skin tests were positive to histoplasmin 
and intermediate-strength purified protein de- 
rivative (PPD). For a month the patient under- 
went therapy for tuberculosis, but this caused 
no change in the roentgenograms (Fig 1). A 
right upper lobectomy was performed, and a 4 
cm mass was diagnosed as bronchiolar car- 
cinoma with scanty fibrosis (Fig 2). At the time 
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Fig 1. (Patient 1.) Chest roentgenogram shows right api- 
cal infiltrate. 


Fig 2. (Patient 1.) Section of lung shows irregularly 
spaced columnar epithelium and some fibrosis, inter- 
preted as bronchiolar carcinoma. (H&E; original mag- 
nification X280.) 





April 1978 


Fig 3. (Patient 3.) Chest roentgenogram in 1962 shows a 
spherical lesion in the right lower lung field without cal- 
cification. 


of writing, the patient had been free of neoplasm 
for 16 years. 


New Pulmonary Lesion or 

Recurrence (Patient 3) 

A 66-year-old white woman was examined for 
indigestion and right upper quadrant pain. 
There were no pulmonary symptoms or find- 
ings. The left breast had been removed by chem- 
ical cauterization 25 years earlier. The chest 
roentgenogram revealed a hazy shadow in the 
right midlung, approximately 2 cm in diameter 
and without calcification (Fig 3). Right middle 
lobectomy was performed in January, 1962, with 
removal of a contracted, grayish lesion charac- 
teristic of bronchiolar carcinoma without fibro- 
sis (Fig 4). 

Chest roentgenograms were obtained at least 
yearly, and in May, 1974, (12 years later) a new 
lesion was noted in the right lower lung field 
(Fig 5). Right lower lobectomy was performed, 
at which time two masses with similar but not 
identical patterns, measuring 2 and 3 cm, were 
removed. There was considerable fibrous 
stroma, which had not been reported with the 
earlier lesion. Again, the diagnosis was bron- 
chiolar carcinoma (Fig 6). In May, 1977, a de- 
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Fig 4. (Patient 3.) Section of lung in 1962 shows a growth 
pattern typical of bronchiolar carcinoma with extension 
over existing alveolar framework. (H&E; original mag- 
nification X280.) 





Fig 5. (Patient 3.) Lateral chest roentgenogram in 1974 
shows a lower lung infiltrate on the right. 











ET f T AA EO LE x P ^d 
Fig 6. (Patient 3.) Section of one of two adjacent nodules 
removed in 1974 with greater pleomorphism and fibrosis 
than in the 1962 specimen and a different pattern but 
called bronchiolar carcinoma. (H&E; original magnifica- 
tion X280.) 





structive lesion of the left clavicle was seen on a 
chest roentgenogram (Fig 7). A biopsy of the 
clavicular lesion was reported to show adenocar- 
cinoma, which had none of the characteristics of 
bronchiolar carcinoma (Fig 8) and was most 
suggestive, in fact, of a breast carcinoma. To 
date, the patient is living and in reasonable 
health after cobalt therapy for the clavicular le- 
sion. 


Development of Early Metastasis 
(Patient 5) 


A 76-year-old woman had had an ill-defined 
lung lesion removed by right upper lobectomy 
in 1963. Initial pathological findings included 
one small focus of bronchiolar carcinoma adja- 
cent to the bronchus, away from the primary site 
but not involving a peribronchial lymph node. 
In 1967, hilar recurrence was seen on a roentgen- 
ogram. At postmortem examination later that 
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Fig 7. (Patient 3.) Chest roentgenogram in 1977 
shows postresection changes on the right and a 
metastatic lesion of the left clavicle. 


year, the neoplasm was found in the medias- 
tinum as a less well differentiated carcinoma 
with vascular invasion and lymph node metas- 
tasis. In addition, several discrete nodules his- 
tologically typical of bronchiolar carcinoma were 
seen in the opposite lung. This case may repre- 
sent additional primary neoplasm or intrapul- 
monary spread. 


Unrelated Death (Patient 4) 


A 57-year-old white woman had vague chest 
pain of three days’ duration. She had had a 
cough, unchanged for many years, and smoked 
one or more packs of cigarettes a day. Physical 
examination was unremarkable. 

In early 1963 a chest roentgenogram showed 
an ill-defined density in the right midlung field, 
which had not been seen in 1959. The lesion was 
Observed for ten months and was reported to 
have enlarged. Right upper lobectomy was per- 
formed, and several foci of bronchiolar car- 
cinoma within fibrous tissue were found in the 
right upper lobe, the largest measuring 7 mm. 

The patient was well until four months before 
her death in 1974 of congestive heart failure. At 
postmortem examination the primary diagnosis 
was diffuse centrilobular emphysema of both 


Fig 8. (Patient 3.) Section of the clavicular metastases 
shows adenocarcinoma. (H&E; original magnification 
x280.) 


lungs. There was no evidence of recurrent neo- 
plasm. 


Clinical Findings and Outcome 


Table 1 summarizes the data from the present 
series of patients with bronchiolar carcinoma of 
the lung. Of the 12 patients, all but 1 were wom- 
en. The average age was 62.5 years (range, 46 
to 76 years); none had symptoms of classic bron- 
chiolar carcinoma, and all were seen for unre- 
lated problems, injury, or routine examinations. 
Two patients had chest pain on the side con- 
tralateral to the demonstrated lesion. On gross 
examination the size of the nodules ranged from 
7 mm to 4 cm. Two lesions were less than 1 cm 
in diameter; six, 2 cm; five, 3 cm; and two, 
roughly 4 cm. While there was no recorded his- 
tory of previous inflammatory disease, fibrosis 
was present in association with the neoplasm in 
10 of the 12 patients (8396). 
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Table 1. Data on Patients with Solitary Bronchiolar Carcinoma 


eee rim M NN 


Duration 
Patient No., of" Radiological 
Age (yr), Symp- Findings Operation | E 
and Sex Symptoms toms and Duration Lobectomy Size Fibrosis 


ENNIUS 


4 cm + 


LSF Pain, left chest 5 days Infiltrate, right apex, Right upper, 
142 mo 1961 
2, 66, F Pain, right 3 days Lesion, left upper Left upper, 1961 4 cm + 
chest lung, 2 wk 
3. 66, F Indigestion Few mo Lesion, rightmidlung, Right middle, 2cm;2 0 
2 wk; infiltrate, right 1962; right and3 4 
lower lobe, 1 mo lower, 1974 cm 
4. 57, F Vague chest 3 days Infiltrate, right upper Right upper, Several + 
. pain lobe, 10 mo 1963 foci 
less 
than 7 
mm 
5. 76, F Malaise `. 5 wk Ill-defined density, Right upper, 3 cm 0 
i right midlung, 2 wk 1963 
6. 68, F (Routine None Density, right Rightupperand 7mm + 
exam) midlung, 2 mo middle, 1963 
7 Og Ee (Routine None Infiltrate, right Right lower, 2cm + 
| exam) midlung, 5 mo 1964 
8. 59, F (Routine - None Lesion, left upper Left upper, 2.2 cm + 
exam) lobe, 2 mo; lesion, 1966; right 2 cm ES 
right upper lobe, 7 upper, 1970 
mo 
9. 61, F Cough, flulike Several Lesion, right upper Right upper, 3 cm T 
syndrome wk lobe, 2 wk 1967 
10. 69, F (Routine None Lesion, rghtlung, 2 Right lower, 3 cm is 
exam) mo 1969 
11. 46, F (Routine None Lesion, left lower Left lower, 1970 2.4 cm 0 
exam) lung, 2 wk 
12. 68, M (Routine None Lesion, right lower Right lower, 3 cm + 
exam) lobe, 3 wk 1972 


Of the 12 patients in the series, 9 (75%) lived 
for 5 years after operation (Fig 9). Six (50%) sur- 
vived for 10 years, and the initial3 patients were 
still alive after more than 15 years. In the entire 
group at the end of 15 years, 6 of the 12 patients 
(50%) were still living. One patient died of car- 
cinoma of the pancreas, and another of em- 
physema without evidence of bronchiolar car- 
cinoma. Two patients had local extension at the 
time of lobectomy, so their neoplasms were not 
solitary ones. These patients had a solitary 
parenchymal lesion called bronchiolar car- 
cinoma in the resected tissue, but review of the 
specimens revealed minute evidence that the 
neoplasm had spread. One patient died with 
brain metastases 21/2 years after lobectomy, and 


another, 4 years after lobectomy. In the latter, 
undifferentiated adenocarcinoma was reported 
in both lungs postmortem. The pathologist was 
not able to establish a relationship to the previ- 
ous bronchiolar carcinoma. 

Thus 8 patients can be considered to have had 
solitary lesions only (eliminating patients dying 
of other causes and patients with microscopical 
spread at lobectomy). Six were living 7 to 16 
years following resection (see Fig 9). Three pa- 
tients had additional neoplasms. Brain metas- 
tasis developed in 1 of these patients (Patient 10) 
31/5 years postoperatively; she died 5 years after 
operation. In the second patient (Patient 8) a 
lesion developed in the right upper lobe 4 years 
after left upper lobectomy. Four and one-half 
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POSTOPERATIVE YEARS 
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CRANIO- 
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Fig 9. Course and survival of patients with solitary bron- 
chiolar carcinoma. (A = bone metastasis; B = local 
metastasis at lobectomy with early death from neoplasm; 
C = death from (C-1) emphysema, (C-2) pulmonary 
metastasis, (C-3) central nervous system metastasis, and 
(C-4) carcinoma of the pancreas.) See text for details. 


years after right lobectomy, she died from “‘re- 
currence” in the left chest. Biopsy showed meta- 
static, poorly differentiated carcinoma with both 
squamous and glandular features, not clearly re- 
lated to the previous two typical bronchiolar car- 
cinomas. The third patient (Patient 3) hada right 
middle lobectomy in 1962 and a right lower 
lobectomy in 1974, with bronchiolar carcinoma 
visible each time. In 1977, a biopsy specimen of a 
clavicular lesion was reported as metastatic 
adenocarcinoma of the breast. At the time of 
writing, this patient was alive almost 16 years 
after two pulmonary resections for bronchiolar 
carcinoma and a current disease diagnosed as 
another neoplasm. The development of separate 
lesions some years after the primary resection in 
2 of these 3 patients suggests late pleomorphic 
recurrence or a new primary neoplasm. 

In this selective group of 8 patients with soli- 
tary bronchiolar carcinoma (eliminating those 
with a spread from the primary neoplasm at the 
time of resection and those dying of other 
causes), the 5-year survival rate was 10096, the 
10-year survival rate was 7596, and the current 
survival rate is 7596. 


Immunology 


Immunodiffusion studies were performed for 8 
patients. The antigen used was the same as that 
previously reported [19], and the method for gel 
diffusion was that of Ouchterlony as reported by 
Mohr and associates [19]. Antigen is placed in 
the center well of diffusion plates and serum 
from patients with bronchiolar carcinoma, in the 
outer wells. As precipitin bands form, they are 
reported as positive precipitin antibodies. 
Direct immunofluorescence studies were also 
done [18]. Fluorescence was graded from 1to4+, 
and any cell that demonstrated a2+ reaction was 
considered positive. Appropriate controls were 
utilized in all studies. The results are sum- 
marized in Table 2. Seven patients with precipi- 
tin antibodies had localized disease removed 
and were well at the time of writing. Two pa- 
tients (test cases not in this series) with positive 
fluorescence tests died of diffuse bronchiolar 
carcinoma shortly after testing. Of interest is 
Patient 10, whose serum possessed precipitin 
antibodies without lymphocyte-associated an- 
tigen when first tested in 1969; however, in 
1972, when brain metastasis developed, the 
lymphocyte antigen test was positive; precipitin 
antibodies were not detectable. Three weeks fol- 
lowing craniotomy with removal of the metas- 
tasis, antibodies but not antigen were demon- 
strable. Lymphocytes of3 of the 10 patients with 
bronchiolar carcinoma who were tested demon- 


eee 
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Table 2. Immunological Studies in Patients with 
Bronchiolar Carcinoma 


pM ANE C" e MM SEE 


Lymphocyte- 
Precipitin associated 

Patient No. Antibody? Antigen? 
ee o a aaaaaaaaaaaaaaaaaaaaaaiħiēĂōōI— 

1 Positive Negative 

2 Positive Negative 

3 Positive Negative 

4 Positive Negative 

6 Positive Negative 

7 Positive Negative 

8 Positive Negative 
10 . 

6-19-69 Positive Negative 
11-01-72 Negative Positive 
11-20-72 Positive Negative 

Diffuse Negative Positive 
bronchiolar 
carcinoma“ 

Diffuse Negative Positive 
bronchiolar 
carcinoma" 





aPositive = positive precipitin band. 
‘Positive = fluorescent 3+ to 4+ positive lymphocytes. 
"Test cases not in the present series. 


strated bright fluorescence. Moreover, none of 
the healthy controls tested (those without lung 
disease) possessed either precipitin antibodies 
or antigen. 


Comment 


More than 15 years ago, 3 patients with 
asymptomatic small peripheral pulmonary le- 
sions diagnosed as bronchiolar carcinoma 
stimulated our interest because their survival 
was unusual compared with the patients nor- 
mally seen. Continued study confirms that 
bronchiolar carcinoma is clinically and patho- 
logically a bizarre and unpredictable lesion. 
Our experience and that of numerous others 
reported in recent literature do not confirm a 
multicentric origin of bronchiolar carcinoma. 
Moreover, the tumor does not have the same 
dismal prognosis as the more common pulmo- 
nary malignancies [12]. For the last 15 years, 
isolated pulmonary nodules of bronchiolar car- 
cinoma have been resected on discovery, with 
excellent prognoses. The concept of a multicen- 
tric origin for this lesion [7, 13, 21] arose because 


only the diffuse, nodular, multiple parenchymal 
foci, representing the late stage of the neoplasm, 
were seen. This theory survived for 80 years. 
Then, in the mid-1950s, the work of Storey and 
associates [21] suggested that these carcinomas 
might arise from a single primary site and 
spread to other locations. Subsequently, others 
confirmed that the cancer initially involves a 
small area of pulmonary parenchyma and that 
early diagnosis and treatment lead to a prog- 
nosis entirely different from that usually consid- 
ered for bronchiolar carcinoma [3, 10, 16, 20]. 
More recent reports by Ludington and co- 
workers [14] and James and associates [11] con- 
firm the unicentric origin of this neoplasm. The 
old concept of a multicentric origin should be 
rejected. 

To cure the disease before the development of 
its multinodular and incurable counterpart, it is 
essential that early surgical treatment be insti- 
tuted. Fortunately, the neoplasm is rather indo- 
lent and has a tendency to remain localized for 
many months. Arany [1] reported that patients 
with surgically removed bronchiolar carcinoma 
of the lung were found retrospectively to have 
had a radiographic lesion for as long as 12¥2 
years. Others [8, 9] reported roentgenograms 
showing either stable lesions for 2 to 8 years ora 
noticeable but slow enlargement of the tumor 2 
to 12 years prior to thoracotomy. In the past two 
decades, a more aggressive surgical approach 
has superseded the older method of watching 
undiagnosed shadows on the roentgenogram [6, 
14, 17]; in our patients the longest period of 
observation was ten months. 

Pulmonary parenchymal inflammation as- 
sociated with bronchiolar carcinoma was first 
addressed by Beaver and Shapiro [2]. In one 
particular case, a primarily fibrotic nodule had 
microscopic foci of bronchiolar carcinoma, 
suggesting an association with a chronic in- 
flammation. Fibrosis is a prominent feature of 
this tumor and was seen in approximately two- 
thirds of the patients reported by Fitzpatrick 
and associates [8]. Perhaps the fibrosis and 
hyperplasia alter the epithelium so that it is 
more susceptible to carcinogens, chemical or 
biological. In our group of 12 patients (with 14 
resections), fibrosis was seen in 10 patients. In 
the2 patients who had lobectomies several years 
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apart, fibrosis was found in both surgical speci- 
mens from 1 patient and in specimens from only 
the second resection in the other. The positive 
relationship of bronchiolar carcinoma with scar- 
ring or fibrosis seems greater than can be attrib- 
uted to mere coincidence. 

When lesions of bronchiolar carcinoma are 
multifocal or occur with metastasis, the patient 
generally does not live more than 3 years [17]. 
On the other hand, most authors report a 30 to 
7096 5-year survival rate for patients with soli- 
tary lesions [8-11, 16, 17]. 

Lobectomy promises the best chances for sur- 
vival, as reported by Delarue and Graham [6], 
McNamara and associates [17], and James and 
co-workers [11]. Lobectomy in our experience 
provided a survival rate of 7596 at 5 years and 
5096 at 10 years (9 and 6 patients). This confirms 
the contentions of Marco and Pierre [16] that a 
5-year survival does not assure a permanent 
cure. Continued follow-up may reveal recur- 
rence of the malignancy or new lesions. In our 
patients, new lesions or recurrences appeared in 
3 to 12 years. Reports by Storey and co-workers 
[21] and Hawkins and associates [9] of secondary 
resections in 2 to 3 years and by Delarue and 
Graham [6] in 4 years support the theory of the 
indolent behavior of the neoplasm and the pos- 
sible development of a new related or unrelated 
carcinoma, or a recurrence. 

The pathologist is often confronted with a di- 
lemma in the diagnosis of bronchiolar carci- 
noma—to differentiate it from the more or- 
dinary adenocarcinoma. In many patients it 
is impossible to determine morphologically 
whether the subsequent or additional lesions 
represent metastasis or development of addi- 
tional multiple primary neoplasms. This is par- 
ticularly true when the appearance is identical to 
and typical for the well-differentiated or low- 
grade variant of bronchiolar carcinoma. In addi- 
tion, it is equally unclear whether the more 
poorly differentiated recurrent or metastatic le- 
sions involving mediastinum and lymph nodes 
inthese cases represent metastasis from an addi- 
tional neoplasm or undifferentiated bronchiolar 
carcinoma. Despite the difference in mor- 
phology, the usual assumption is that they 
represent more anaplastic bronchiolar car- 


cinoma rather than the development of yet 
another neoplasm. 

Since Coalson and de: [5] in 1973 iso- 
lated a presumed infectious agent from human 
bronchiolar carcinoma, the immunological as- 
pects of this tumor have been widely studied. 
Electron microscopy has confirmed that the cell 
of origin is the alveolar cell type II, which, in- 
terestingly, undergoes proliferation during re- 
pair of several types of pulmonary injury of dif- 
fuse causes [4]. Certainly, the enigmatic factor of 
host resistance must be of great importance in 
determining tissue response to whatéver the 
etiological agent might be in bronchiolar car- 
cinoma. Moreover, circulating antibodies were 
found in all patients studied with localized 
tumor and no recurrence. The patients with re- 
current or diffuse neoplasm demonstrated 
serum antigen. Thus, immunological testing 
may be of diagnostic and prognostic value in the 
follow-up management of patients with solitary 
bronchiolar carcinoma. 
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Platelet Dysfunction 


Associated with Cardiopulmonary Bypass 
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ABSTRACT The clinical significance and patho- 
genesis of the platelet dysfunction following car- 
diopulmonary bypass were studied in conjunction 
with the degree of functional impairment associated 
with the use of membrane and bubble oxygenators. 
Forty consecutive patients had the following tests 
preoperatively and postoperatively: complete blood 
count (CBC), platelet count, prothrombin consump- 
tion time, bleeding time, prothrombin time, partial 
thromboplastin time, fibrinogen, euglobulin clot 
lysis, fibrin degradation products, and platelet 
aggregation tests. Six patients were given “C- 
serotonin tests before and after operation, and 
preoperative and postoperative electron micrographs 
were made of the platelets of 3 patients. The amount 
of blood lost, the blood transfused, and plasma 
hemoglobin levels were also measured. Abnormal 
aggregation of platelets was found, with no differ- 
ence between the and bubble 
oxygenators. In vitro aggregation tests with prot- 
amine sulfate and hemoglobin solutions, as well as 
the 1*C-serotonin studies and electron micrographs, 
suggest that platelets acquire storage pool defi- 
ciency and an abnormal membrane during car- 


membrane 


diopulmonary bypass. 


Cardiac operation utilizing cardiopulmonary . 


bypass (CPB) is now a common procedure. Al- 
terations of hemostasis are common, and in the 
postoperative period, excessive bleeding that is 
unrelated to technical problems may occur. This 
study was initiated to investigate the platelet 
dysfunction reported to occur during CPB, to 
determine whether it has clinical significance, 
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and to see if there was a difference in the degree 
of functional impairment produced by the 
Travenol Teflow membrane oxygenator (TTMO) 
and the Cobe Optiflow bubble oxygenator 
(COBO). 


Materials and Methods 
CPB Technique and Patient Selection 


Forty consecutive patients were studied. The 
TTMO and COBO were used on alternate days, 
and the patients were randomly and blindly as- 
signed a date for operation; it was not known 
which oxygenator would be used. The data ob- 
tained from one oxygenator was labeled Group 
A and the data from the other, Group B. Only 
after statistical analysis was completed was the 
code broken. Group A consisted of 17 patients 
who underwent CPB with the membrane 
oxygenator. Group B consisted of 23 patients 
who were operated on utilizing the bubble 
oxygenator. 

CPB was accomplished as previously de- 
scribed [20]. Patients were routinely hep- 
arinized with a loading dose of 5 mg per 
kilogram of body weight intravenously. With 
each hour on bypass, an additional 50 mg of 
heparin sodium was given. At the conclusion of 
bypass the heparin sodium was neutralized 
with protamine sulfate administered at 1.2 times 
the initial heparin dose. 

An attempt was made to keep the extracor- 
poreal circuit as alike as possible for each kind 
of oxygenator. A Surgikos Intersept* filter was 
used in the arterial line of each oxygenator. For 
the membrane oxygenator, the cardiotomy re- 
turn blood was collected in a Travenol rigid car- 
diotomy reservoir.t The cardiotomy return for 


*Surgikos, a Johnson & Johnson Company, New Brunswick, 
NJ. 

tArtificial Organs Division, Travenol Laboratories, Inc, 
Deerfield, IL. 
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the COBO was through an integral filter incor- 
porated in the Optiflow adult oxygenator with 
cardiotomy filter.* 

The amount of blood returned by suction was 
not estimated for two reasons: (1) it is very dif- 
ficult to make an accurate estimate of the 
cardiotomy return, and (2) there was no dif- 
ference in management of the operation as re- 
gards amount of suction and amount of blood 
returned to the cardiotomy reservoir in the two 
groups of patients. 

The amount of blood transfused was calcu- 
lated as the total volume of packed cells (250 cc) 
and whole blood (500 ml) given during the fol- 
lowing operation until the mediastinotomy 
tubes were removed. The blood loss consisted of 
the total volume drained from the medias- 
tinotomy tube. 


Coagulation Studies 


Blood obtained by venipuncture was added to 
3.8% sodium citrate to give a final mixture of 
nine parts blood to one part citrate. All samples 
were studied immediately after collection. Sam- 
ples were obtained within a few days prior to 
operation and in the recovery room postopera- 
tively within 1 hour of the conclusion of CPB. 
Several tests were performed. Prothrombin 
time, activated partial thromboplastin time, 
quantitative fibrinogen, and Ivy bleeding time 
were performed by standard techniques as pre- 
viously described [13, 30]. Prothrombin con- 
sumption time and euglobulin lysis time were 
performed as described in the Mayo Clinic Lab- 
oratory Manual of Hemostasis [6]. The hemo- 
globin and hematocrit values were obtained on 
Coulter Model F, FN, or B counters. Fibrinolytic 
degradation products were estimated using the 
Thrombo-Wellcotest [30]; and if the results were 
more than 40 ug per milliliter, these products 
were quantitated using the staphylococcal 
clumping method as outlined in the Mayo Clinic 
Laboratory Manual of Hemostasis [6]. This test 
was performed only after operation. 


Special Studies 


Platelet aggregation tests were done on the 
Bio-Data Platelet Aggregation Profiler as already 


*Cobe Laboratories, Inc, 1201 Oak St, Lakewood, CO. 


described [7, 30]. The “C-serotonin tests were 
performed according to the technique described 
by Zucker and Weiss [34]. These tests were done 
within a few days before operation and no more 
than 1 hour postoperatively while the patient 
was in the recovery room. 

The aggregation tests were performed with 10 
ug of epinephrine, a solution of collagen pre- 
pared as described by Day and Holmsen [7], and 
with 20 mM, 2 mM, and 1 mM of adenosine 
diphosphate (ADP). The percent aggregation 
was determined from the aggregometer tracings 
at the point of maximal aggregation within three 
minutes from the time the aggregating agent 
was added. Protamine sulfate, sodium heparin, 
and hemoglobin solutions with and without red 
cell stroma were studied for their effect on 
platelet aggregation in vitro. Red cells were 
lysed by freezing and thawing, and in some 
cases the red cell stroma was removed by cen- 
trifugation. The resultant hemolysate was added 
in varying amounts to give final hemoglobin 
concentrations ranging from 108 to 1,100 mg per 
100 ml. Hemoglobin solutions consisting of 0.5 
ml were added to 0.40 ml of platelet-rich plasma 
before the aggregating agents were added; in 
another series of tests, aggregation was tested 
with the solution alone, i.e., without the addi- 
tion of aggregating agents. Protamine sulfate 
was diluted in distilled water and 0.05 ml of this 
solution was added to 0.40 ml of platelet-rich 
plasma prior to the addition of the aggregating 
agents. The final concentration ranged from 
0.001 to 6.0 mg per milliliter of protamine sulfate 
in platelet-rich plasma. In addition, 0.2 mg of 
protamine sulfate was used as the aggregating 
agent. 

The same in vitro tests done with protamine 
sulfate were done with sodium heparin. The 
concentration of sodium heparin ranged from 1 
to 10 micrograms per milliliter. In addition, so- 
lutions of protamine sulfate mixed with sodium 
heparin in equimolar concentrations and with 
both sodium heparin excess and protamine sul- 
fate excess were studied. 

Electron micrographs were made of platelets 
from 3 patients before and after operation with a 
Siemens electron microscope. The platelets were 
immediately fixed in 3% glutaraldehyde and 0.1 
M tetroxide, embedded in Spurrs medium, and 
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subsequently sectioned thin and stained with 
uranyl acetate and lead citrate [12, 23]. 


Statistical Methods 


The data comparing Group A (TTMO) with 
Group B (COBO) were analyzed using Student's 
t test. The results are expressed as the mean and 
standard deviation of the mean. 


Results 


The patient population is shown in Table 1. 
Thirty-two patients had only saphenous vein 
bypass procedures performed, and 7 had valve 
operations with or without saphenous vein 
bypasses. One patient had resection and repair 
of a ventricular aneurysm. 

The data comparing Group A (TTMO) with 
Group B (COBO) are shown in Table 2. There 
was no statistically significant difference in 
platelet count, prothrombin consumption time, 
prothrombin time, activated partial thrombo- 
plastin time, bleeding time, euglobulin clot lysis 
time, and fibrinogen levels between the two 
groups before or after operation. There was no 
difference between the groups as far as blood 
loss, blood transfused, plasma hemoglobin 
levels, and fibrinolytic degradation products. 

When Groups A and B were combined (40 
patients), there was a significant difference be- 
tween the preoperative and postoperative 
platelet counts, fibrinogen levels, and partial 
thromboplastin times (p « 0.05). 


Table 1. Patient Population 


No. of 
Operation Patients 
Ventricular aneurysmectomy 1 
Quadruple coronary vein graft 8 
Triple coronary vein graft 9 
Double coronary vein graft 10 
Single coronary vein graft 5 
Aortic valve replacement 3 
Aortic valve replacement and triple 1 
coronary vein graft 
Mitral commissurotomy and quadruple 1 
coronary vein graft 
Mitral valve replacement 2 
Total | 40 


There was no difference between the two 
groups in the preoperative aggregation levels. 
Postoperative aggregation with collagen was 
significantly better in Group B than in Group A. 
In both Group A and Group B the aggregation 
with epinephrine and collagen was significantly 
better preoperatively than postoperatively. 
Aggregation stimulated by ADP was signifi- 
cantly greater before than after operation in 
Group B, butnotin Group A (p values are shown 
in Table 3). 

Out of both groups, 14 patients had no second- 
ary wave of aggregation preoperatively with 
epinephrine (« 25% aggregation quantita- 
tively). These patients. had been taking one or 
more drugs known to inhibit platelet function 
by preventing the release of ADP (such as aspi- 
rin) [26]. These 14 patients were compared with 
the 26 patients who had a better response to 
epinephrine (a normal qualitative secondary 
phase of aggregation and greater than 2596 
quantitatively) (Table 4). There was no signifi- 
cant difference in blood loss or blood transfused 
between the two groups (p > 0.05). 

Six patients underwent “C-serotonin studies 
after completion of the original study. The last 3 
of these patients to be tested were given platelet 
aggregation tests, and electron microscopy was 
done of their platelets both before and after op- 
eration (Table 5). There was a decrease in per- 
cent uptake of serotonin and percent release 
postoperatively compared with the preoperative 
values, which were not statistically significant 
(p > 0.05). The three aggregation studies were all 
normal before operation and became abnormal 
afterward, with absence of the second wave of 
aggregation with epinephrine and attenuated 
response to collagen and ADP. Electron micros- 
copy of the platelets revealed a decrease in the 
number of dense granules following CPB, in- 
crease in the number of vacuoles, and marked 
change in the platelet membrane, with pseu- 
dopod formation, spreading, and increased 
ruffling (Figure). 

In vitro tests were performed to evaluate the 
effect of plasma hemoglobin solutions, with and 
without red cell stroma, on platelet aggregation. 
There was no inhibitory effect on aggregation 
with epinephrine, ADP, or collagen. Further- 
more, the addition of solutions of hemoglobin 
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Table 2. Oxygenator Study 





Group A Group B Group A and 
(TIMO) (COBO) Group B* 
Stan- Stan- Stan- 
dard dard dard 
: Normal Devia- Signif- Devia- Signif- Devia- Signif- 
Determination Value Mean tion icance? Mean tion icance? Mean tion icance? 
Blood loss (ml) 666 318 848 541 ` p > 0.05 
Blood transfused (ml) 4,768 2,661 4,274 2,406 p > 0.05 
Plasma hemoglobin 2-7 57.6 39.9 73.3 55.5 p > 0.05 
(mg/100 ml) 
Preop. platelet count (X 150-350 261 69 p > 0.05 242 52 p > 0.05 249 64.8 
10 /mm?) . 
Postop. platelet count (x 104 30 p 0.05 100 25 p > 0.05 102 26.9 p < 0.001 
103/mm?) 
Preop. PCT (sec) >15 15 2 p > 0.05 15 3 p > 0.05 15 3 
Postop. PCT (sec) 13 2 p > 0.05 14 3 p > 0.05 14 3 p > 0.05 
Preop. BT (min) 2-6 3 1 p > 0.05 3 1 p > 0.05 3 1 
Postop. BT (min) 5 3 p > 0.05 6 3 p > 0.05 6 3 p > 0.05 
Preop. PT (sec) 12 +1 11.8 0.4 p > 0.05 11.8 0.5 p > 0.05 11.8 0.5 
Postop. PT (sec) 14.4 1.3 p > 0.05 14.1 1.0 p > 0.05 14.3 1.0 p > 0.05 
Preop. PTT (sec) 3146 32.8 3.0 p > 0.05 32.2 3.8 p > 0.05 32.4 3.5 
Postop. PTT (sec) 36.3 6.9 p > 0.05 39.3 6.9 p > 0.05 38.8 6.8 p « 0.001 
Preop. fibrinogen 142-336 261.8 34.2 p > 0.05 285.2 57.1 p 0.05 285.7 61.9 
(mg/100 ml) 
Postop. fibrinogen 199.5 18.1 p > 0.05 211.5 23.3 p > 0.05 205.5 21.3 p < 0.001 
(mg/100 ml) 
Euglobulin clot lysis 21 
time? (hr) 
FDP' (ug/ml) < 16 





*Comparison of Group A with Group B preoperative values. 

"Comparison of Group A with Group B postoperative values. 

“There was no significant difference in the time on bypass between the two groups (p > 0.05). 
“Comparison of both groups’ preoperative with postoperative values. 

*All tests showed no lysis at one hour. 

‘All tests showed between 10 and 40 yg per milliliter FDP. 


TTMO = Travenol Teflow membrane oxygenator; COBO = Cobe Optiflow bubble oxygenator; PCT = prothrombin consumption time; BT = bleeding time; PT = 
prothrombin time; PTT = partial thromboplastin time; FDP = fibrinolytic degradation products. 


Table 3. Platelet Aggregation Tests 





| | Group À 





Group B 
(TTMO) (COBO) 
Agent Preop. Postop. . p? Preop. Postop. p? 
Epinephrine — 42 17 0.007 35 16 <0.001 
Collagen 42 . 2 0.027 50 36^ 0.005 
ADP 54 42 0.08 54 44 0.001 





*3 Comparison of preoperative with postoperative values. 
»Comparison of postoperative values between Group A and Group B. There was a statistically significant difference between 
Group A and Group B with collagen (p « 0.05), but not with epinephrine and ADP. 


TTMO = Travenol Teflow membrane oxygenator; COBO = Cobe Optiflow bubble oxygenator. 


with and without red cell stroma with concen- agent was demonstrated: No inhibition of 


trations of hemoglobin as high as 1,100 mg per 
100 ml, caused no platelet aggregation. In vitro 
tests with protamine sulfate showed no inhibi- 
tory effect on aggregation utilizing epinephrine, 
collagen, or ADP until the concentration was in- 
creased to 6.0 mg per milliliter. No aggregation 
utilizing protamine sulfate as the aggregating 


platelet aggregation with sodium heparin was 
observed, nor was there any inhibition with 
mixtures of sodium heparin and protamine sul- 
fate unless the concentration of protamine sul- 
fate exceeded 6.0 mg per milliliter. Sodium hep- 
arin alone and mixtures of protamine sulfate 
with sodium heparin did not induce aggregation. 
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Table 4. Comparison by Aggregation Testing of 
Patients with Evidence of Platelet Dysfunction 
Preoperatively with Those Who Appeared Normal 


Initial Platelet Aggregation 
with Epinephrine 





« 25% 2596 
Blood Status (14 patients) (26 patients) 
Blood loss (ml) 684 769 
Blood transfused 4,615 4471 


(ml) 





One patient was studied by means of aggrega- 
tion tests before and fifteen minutes following 
the sodium heparin administration, prior to 
being placed on bypass. The aggregation re- 


(A) A representative platelet from Patient 6 prior to op- 
eration, showing numerous dense and alpha granules, a 
rather distinct membrane with slight irregularity, and 
small cytoplasmic vacuoles. (B) Two representative 
platelets from Patient 6 following operation, demonstrat- 
ing a decrease in the number of dense and alpha granules, 
marked irregularity of the membrane with pseudopod 
formation, and large cytoplasmic vacuoles. (Original 
magnification X30,000.) 


A 


Table 5. *C-Serctonin Results? 








Preoperative Postoperative 
Patient Uptake Release Uptake Release 
No. (%) (%) (%) (%) 
1 77.4 77.3 /7.5 76.4 
2 31.8 21.0 15.6 2.7 
3 52.8 30.6 5.8 2.4 
4^ 32.8 58.0 23.6 17.0 
5 32.7 25.0 37.9 52.0 
6° 76.3 83.0 36.0 56.0 
Mean 50.7 48.5 32.7 35.5 
SD 21:7 28.0 25.1 29,9 





"In 57 normal adults the mean “C-serotonin uptake was 
74.2% with 37.2% release. 

"These 3 patients also had platelet aggregation tests and 
electron microscopy of their platelets before and after opera- 
tion. 


sponse to epinephrine, ADP, and collagen was 
normal before and after the administration of 
sodium heparin. 


Comment 


Coagulopathies associated with CPB have re- 
cently been reviewed [3]. Most nonsurgical 
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hemorrhages during or following CPB are con- 
sidered to be secondary to platelet dysfunction, 
with or without hyperfibrinogenolysis. Limited 
studies have been done to assess platelet func- 
tion during and following CPB. In 1963 Salzman 
[21] found a decrease in platelet adhesiveness 
during perfusion and, in some cases, after the 
procedure. Neither heparin nor protamine sul- 
fate affected adhesiveness, as measured by pass- 
ing the blood through glass-bead filters. Perfu- 
sion temperature and type of priming solution 
also had no effect on platelet adhesion. 
Salzman’s study has been criticized because the 
thrombocytopenia occurring during CPB was 
thought to result in abnormal adhesion by in 
vitro testing without necessarily altering platelet 
function [3]. Bick and associates [4, 5], however, 
found abnormal adhesion without thrombo- 
cytopenia in a group of 30 patients during and 
following CPB. 

otass and co-workers [24] studied platelet 
function with aggregating agents. During perfu- 
sion, 5 of 25 patients had acquired defects by at 
least one criterion. However, following admin- 
istration of protamine sulfate for heparin neu- 
tralization, qualitative platelet defects were 
present in 26 out of 29 patients. There was no 
significant difference in blood loss between the 
11 patients who did not receive platelet transfu- 
sions and the 18 who did. These researchers 
concluded that protamine sulfate significantly 
inhibited platelet aggregation. 

Abnormal platelet function following CPB 
was consistently demonstrated in the present 
study. Although there was a statistically signifi- 
cant fall in platelet count, the mean of 102,000 
platelets per cubic millimeter would not artifac- 
tually cause platelet aggregation to be abnormal 
[17], and in the in vitro tests for aggregation, the 
platelet-rich plasma always had a concentration 
of more than 100,000 platelets. Furthermore, a 
platelet count of 100,000 in the absence of 
functional impairment would not cause much 
bleeding [14]. The abnormality in aggregation 
was demonstrated with epinephrine, collagen, 
and ADP: the second phase of platelet aggrega- 
tion with epinephrine was consistently 
abolished, the response to collagen was delayed 
and attenuated, and the response to ADP was 
attenuated with early dysaggregation. These 


abnormalities were not reflected by the pro- 
thrombin consumption time and bleeding time, 
thus indicating their decreased sensitivity to 
mild or moderate platelet dysfunction demon- 
strated by the aggregation tests. 

The “C-serotonin studies and electron micro- 
graphs show that following CPB the platelets 
lose their storage pool, i.e., the dense granules 
containing nucleotides, serotonin, and epi- 
nephrine [16, 27-29], and thus acquire storage 
pool disease. This disease was described in as- 
sociation with disseminated intravascular 
coagulation (DIC) [19] and can also be found asa 
hereditary disorder [16, 27—29]. 

The in vitro tests performed with hemoglobin 
and red cell stroma solutions suggest that lysis of 
red cells during CPB does not directly affect 
platelet function. The absence of DIC in our 40 
patients, as has been documented by others [4, 
5], also suggests that fibrinolytic degradation 
products are not causing the defect. The in vitro 
effects of heparin are controversial [1, 2, 9~11, 
18, 25, 31-33]. The in vitro results with sodium 
heparin and protamine sulfate performed in this 
study do not suggest inhibition of platelet 
aggregation or stimulation of aggregation utiliz- 
ing either protamine sulfate or sodium heparin 
as the aggregating agent. Mixtures of the two 
drugs were ineffective in either inhibiting or 
inducing aggregation until extremely high con- 
centrations of protamine sulfate were utilized. 

CPB was shown by Solis and associates [22] to 
increase the number of microaggregates and 
microemboli in the cardiotomy return blood and 
to decrease aggregation with ADP, the defect 
being more severe with the bubble than with the 
membrane oxygenator. In splenectomized dogs, 
the results of platelet kinetic studies suggest that 
with bypass, platelets are reversibly sequestered 
in the liver and that more return to the circula- 
tion with the membrane rather than the bubble 
oxygenator [8]. Adhesion of platelets to the ex- 
tracorporeal circuit was thought to be of little 
consequence, but the cardiotomy sucker pro- 
mulgated a severe increase in transient throm- 
bocytopenia and a severe decrease in eventual 
recovery in the circulation. The researchers con- 
cluded that the platelets are affected mainly by 
the blood-gas interface. | 

Hennessy and co-workers [15] evaluated the 
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in vitro effects of nonbiological surfaces and dif- 
ferent perfusion circuits. They found a direct 
correlation between the degree of throm- 
bocytopenia and the aggregating ability of 
platelets, both being directly proportional to an 
increase in surface area independent of the sur- 
face composition. Scanning electron microscopy 
showed platelets adherent to the circuit. It was 
thought that they undergo a release reaction fol- 
lowing adhesion to the surface and therefore 
` that they no longer undergo normal aggregation 
when they return to the circulation. 

In our study the platelet aggregation tests, the 
4C-serotonin uptake and release results, and the 
electron micrographs suggest that following 
CPB, platelets have acquired storage pool defi- 
ciency and an abnormal membrane. It seems 
most likely that they adhere to the surface of the 
oxygenator apparatus and are traumatized by 
exposure to the blood-gas interfaces at either the 
oxygenator site or the cardiotomy suction-return 
site, undergo the release reaction, and, after 
transient sequestration in reticuloendothelial 
organs, return to the circulation with a deficit in 
their storage pool, as well as with an abnormal 
membrane, and thus do not function normally. 

We could find no significant difference be- 
tween the membrane and bubble oxygenators in 
any of the indicators studied except for the 
aggregation tests. There was better aggregation 
with the bubble oxygenator when comparing 
postoperative results with collagen, but there 


was better aggregation with the membrane 


oxygenator utilizing ADP in comparing preop- 
erative and postoperative values. Since no dif- 
ference was detected by any other means of 
comparison, and there were conflicting results 
utilizing ADP and collagen, there is probably no 
difference in the function of platelets with either 
oxygenator. l 

There was no evidence from this study that 
abnormal platelet function prior to operation 
adversely affected transfusion requirements or 
blood loss. The significant decrease in fibrino- 
gen and increase in partial thromboplastin time, 
as well as the presence of small amounts of fi- 
brinolytic degradation products, probably reflect 
the presence of hyperfibrinogenolysis, as has 
been reported by others using more sensitive 
techniques [4, 5]. 


S15; 


We came to four principal conclusions and 
recommendations after completing our study. 
(1) Preoperatively, platelet aggregation tests are 
too sensitive a measure of platelet function and 
should not be used as a screening tool prior to 
CPB. (2) The most common coagulopathy follow- 
ing CPB is due to mild. thrombocytopenia, 
platelet dysfunction, and hyperfibrinogenoly- 
when excessive postoperative bleed- 
ing occurs, treatment should be instituted with 
platelet transfusions and inhibitors of the 
fibrinolytic system; if a severe deficiency of 
coagulation factors is evident, fresh-frozen 
plasma and cryoprecipitate may be useful. 
(3) The mild platelet dysfunction, throm- 
bocytopenia, and hyperfibrinogenolysis asso- 
ciated with CPB do not require routine platelet 
transfusions, routine administration of in- 
hibitors of the fibrinolytic system, or routine 
administration of fresh-frozen plasma or cryo- 
precipitate. (4) There appears to be no significant 
difference between the Travenol Teflow mem- 
brane oxygenator and the Cobe Optiflow bubble 
oxygenator as measured by the indicators in this 
study. 
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Relationship between Platelet 
Count and Cardiotomy Suction Return 


L. Henry Edmunds, Jr., M.D., Naresh C. Saxena, M.B.B.S., 
Priscilla Hillyer, C.C.P., and Terrance J. Wilson, B.S. 


ABSTRACT A simple, inexpensive, accurate method 
of measuring the amount of blood returned by 
the cardiotomy suction system was devised and 
calibrated. Preoperative and postoperative platelet 
counts were obtained in 76 patients with congenital 
heart disease in whom the amount of cardiotomy suc- 
tion return was measured. The mean percentage of 
total perfusate returned by the cardiotomy suction 
system was 8.9%. Both postoperative platelet count 
and the percentage change between preoperative and 
postoperative platelet counts correlated with the 
amount of blood returned by the cardiotomy suction 
system, time on bypass, and the percentage of total 
perfusate aspirated by the system. 


Cardiopulmonary bypass causes a 40 to 60% de- 
cline in platelet count [19] and decreases platelet 
function [9, 15, 19]. The lower count occurs im- 
mediately and is due to dilution of the patient’s 
blood with priming solutions, interaction be- 
tween platelets and foreign surfaces [9, 14], for- 
mation of microaggregates [1, 7], and possibly 
sequestration of some platelets by the re- 
ticuloendothelial system [4]. The cardiotomy 
sucker system is a major source of hemolysis [5, 
12, 13, 17] and particulate emboli [10, 18] during 
cardiopulmonary bypass and may further de- 
crease platelet numbers by direct trauma, aggre- 
gation, and filtration. The present work was de- 
signed to study the relationship between 
platelet numbers and the volume of cardiotomy 
suction return during cardiopulmonary bypass 
in patients. The effect of cardiotomy suction on 
platelets has not been previously studied, partly 
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because of difficulties in making accurate mea- 
surements of aspirated blood mixed with air. 


Methods 
Measurement of Cardiotomy Suction Return 


The cardiotomy sucker system consists of barely 
occlusive roller pumps and a polycarbonate 
filter-reservoir (Model 42300, Cobe Labora- 
tories, Lakewood, CO) which empties into the 
venous end of a conventional bubble oxygen- 
ator (Bentley Laboratories, Inc, Santa Ana, 
CA) or the reservoir bag of a membrane 
oxygenator system. For children over 12 kg and 
for adults, ¥s-inch ID polyvinyl tubing is used. 
For infants, 14-inch ID tubing is used. 

Two photocells are mounted on a polycarbon- 
ate plate with centers placed 5 mm apart in the 
vertical direction (Fig 1). To minimize the 
amount of blood held in the reservoir, the bot- 
tom photocell is taped just above the bottom 
edge of the side panel. The photocells are con- 
nected to an electric clamp (Fisher Scientific Co) 
and to a digital electric timer (ETHM-16, 
Keffler-Ellis Products, Atlantic Highland, NJ*). 
When accumulated blood in the reservoir acti- 
vates the upper photocell, the electric clamp 
opens and the timer starts. Blood drains to the 
level of the lower photocell, which closes the 
electric clamp and stops the timer. The system 
maintains the reservoir blood level between the 
two photocells and accumulates the time during 
which the reservoir drains. Approximately 130 
ml of blood is held between the two photocells 
and another 50 ml is held between the bottom 
photocell and the reservoir outlet. Air does not 
enter the outlet tubing. 

The system must be calibrated to convert the 
seconds the clamp is open into milliliters of 
blood. Calibration varies with the size of the 
outflow tubing of the cardiotomy filter-reservoir 
and the effective hydrostatic pressure head. An 


*Made by Charles F. Ward, Hibernia Rd, Coatesville, PA. 
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Vent Line Cardiotomy 


Suction 









Cardiotomy Reservoir 


Sensors 


Digital Timer 


Automatic Clamp 


Fig 1. System for measurement of field-aspirated blood. 
Photosensors are attached to a commercial filter- 
reservoir control, an electrical outflow ciamp, and a digi- 
tal clock. The system is calibrated at a known effective 
hydrostatic pressure to assure reproducible mea- 
surements. 


effective hydrostatic pressure head of 25 cm H,O 
produces a convenient rate of blood flow. With 
the membrane oxygenator system the venous 
reservoir produces no back-pressure. Back- 
pressure within the Bentley oxygenator varies 
with the ratio of gas flow to blood flow but 
changes less than 1 cm H,O at recommended 
flow rates if the gas/blood flow ratio is 2. There- 
fore the bottom photocell on the filter-reservoir 
is placed 25 cm higher than the measured back- 
pressure at the inlet of the Bentley oxygenator. 
The amount of blood in the oxygenator does not 
appreciably affect back-pressure. 

Reproducibility of calibration measurements, 
the effect of changes in hematocrit, and reappli- 
cation of photocells were tested for both ¥%-inch 
ID and %4-inch ID tubing (9.5 and 6.4 mm, re- 
spectively). Blood and air aspirated by the sys- 
tem were collected in graduated cylinders held 
25 cm below the outlet of the filter-reservoir. 
Timed collections ranged from 3.8 to 31.4 sec- 
onds and from 120 to 975 ml, and were made on 
four different days. 


Platelet Studies 


Platelets were counted by phase microscopy. 
Platelet counts were obtained before operation, 
after stopping cardiopulmonary bypass, and be- 
fore transfusions. Measurements were made in 
76 patients aged 8 days to 17 years and weighing 
3.8 to 50 kg. Sixteen weighed less than 12 kg. AII 
had congenital heart disease, and 33 were cya- 
notic. The diagnoses were atrial septal defect 
and variants, including partial atrioventricular 
canal and total anomalous pulmonary venous 
connection, in 18 patients; ventricular septal de- 
fect and variants, including double-outlet right 
ventricle, in 15 patients; aortic and pulmonary 
stenosis in 4 patients each; transposition of the 
great arteries in 7 patients; valve insufficiency 
necessitating replacement in 3 patients; and te- 
tralogy of Fallot and variants, including pulmo- 
nary atresia, in 25 patients. 

The perfusion system included a disposable 
bubble oxygenator (Bentley Laboratories), a 
cannulated flowmeter, and an arterial line filter 
(Pall Ultipore Blood Filter, Glen Cove, NY). All 
blood from the left ventricular catheter and two 
cardiotomy suckers entered the cardiotomy suc- 
tion system. The bypass system was primed 
with citrate-phosphate-dextrose blood less than 
five days old and Ringer's lactate solution calcu- 
lated to produce a hematocrit of 30 in patients 
weighing 25 kg or less and a hematocrit of 25 in 
patients more than 25 kg. 

Final platelet count, change in platelet count, 
and percent change in platelet count were com- 
pared to volume of cardiotomy suction return, 
percentage of total perfusion flow aspirated by 
the cardiotomy suction system, and duration of 
bypass. These comparisons were also made for 
the following subgroups: 33 cyanotic patients, 
43 acyanotic patients, 11 perfused with the in- 
fant oxygenator (Model Q 130), 55 perfused with 
the pediatric oxygenator (Model Q 110), and 10 
perfused with the adult oxygenator (Model Q 
200A). The pediatric group was further divided 
into cyanotic and acyanotic patients for analysis. 


Results 


Calibration of Cardiotomy Suction Measurements 


At an effective hydrostatic pressure head of 25 
cm H,O, only tubing size altered the mean con- 
version factors significantly (Table 1). Regres- 
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sion equations with flow plotted as a function of 
time and correlation coefficients between flow 
and time are given in Table 1. The mean conver- 
sion factor for 14-inch tubing was 15.2 ml per 
second with a standard deviation of 1.4 (N — 59); 
for 38-inch tubing the factor was 30.9 ml per 
second, SD 1.9 (N = 101). 


Volume of Cardiotomy 

Suction Return 

The amount of field-aspirated blood varied 
widely among patients and ranged from 660 ml 
to 57 liters. The largest volumes were recorded in 
patients with cyanotic heart disease who had 
large bronchial vessels. The percentage of total 
blood perfused (flow/min X duration of bypass) 
aspirated by the cardiotomy suction system var- 
ied from 1.5 to 25.396. In 33 cyanotic patients a 
mean of 10.6% of the total blood perfused re- 
turned by the cardiotomy suction system and 
left ventricular vent. In 43 acyanotic patients the 
mean was 7.696. 


Platelet Studies 


Platelet counts after bypass (mean, 90,000) cor- 
related inversely with the amount of blood re- 
turned by the cardiotomy suction system (mean, 
13.7 liters), with the percentage of total blood 
perfused that was aspirated (mean, 8.9%) (Fig 
2), and with the duration of bypass (mean, 78.6 
min) (Table 2). The difference between pre- 
operative and postoperative platelet counts 
(mean, 186,000) did not correlate significantly 
with the same variables (correlation coefficients, 
0.06 to 0.10). However, the percentage differ- 
ence in preoperative and postoperative platelet 
counts (mean, 66%) did (Fig 3). Neither the size 


Table 1. Calibration of Cardiotomy Suction System 


Platelet Count After Bypass 





30 55 80 105 130 65 


igo 205 230 255 


Percent of Perfusate Aspirated 


Fig 2. Relationship between postoperative platelet count 
(in thousands) and percentage of total blood perfused 
that was returned by the cardiotomy suction system. 


of the oxygenator nor the presence or absence of 
cyanosis affected these correlations. 


Comment 

The cardiotomy suction system is the major 
cause of hemolysis during cardiopulmonary 
bypass [5, 12, 13, 17] and the main source of 
particulate emboli [10, 18]. Previous studies 
have shown a direct relationship between 
hemolysis and blood contact with pericardial 
and pleural surfaces [16], physical stresses at the 
sucker tip [12, 17], and the amount of negative 
pressure within the system [11, 17]. Extracor- 


Inner Mean Conversion Regression 

Diameter of Factor + SD Equation Correlation 
Tubing (in.) | Hematocrit N (m/sec) 1 (ml) = a + b (sec) Coefficient 
3/8 30 23 30.7 + 1.0 1.8 + 30.5 0.999 

3/8 30 18 29.4 + 1.9 —21.7 F 30.7 0.977 

3/8 30 30 31.9 + 1.2 19.4 + 30.0 0.998 

3/8 20 30 30.8 + 2.3 28.8 + 27.3 0.991 

1/4 28 30 14.5 + 1.2 2.3 + 14.3 0.983 

1/4 24 29 15.8 + 13 0.1 + 157 0.975 


N = number of measurements. 
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Table 2. Results of Platelet Studies 


Regression Equation Regression 





Determination Y =a + bx Coefficient + SE Significance 

Postoperative platelet count (y) vs suction 105.7 — 1.147x —0.26 + 0.492 p < 0.05 
volume (L) (x) 

Postoperative platelet count (y) vs percent 126.2 — 4.072x —0.38 + 1.154 p «0.01 
perfusate aspirated (x) 

Postoperative platelet count (y) vs bypass 1995.5. 0.5591 —0.39 + 0.151 p «0.01 
time (min) (x) 

Percent difference in platelet count (y) vs 61.1 — 0.352x 0.23 + 0.177 p « 0.05 
suction volume (L) (x) 

Percent difference in platelet count (y) vs 53.5 — 1.396x 0.36 + 0.415 p «0.01 
percent perfusate aspirated (x) 

Percent difference in platelet count (y) vs 56.2 + 0.125x 0.25 + 0.057 p < 0.05 


bypass time (min) (x) 


poreal circulation damages nearly all formed and 
unformed blood elements to some degree. Since 
the cardiotomy suction system is the major cause 
of hemolysis, it follows that the system might 
also cause additional damage to platelets. This 
hypothesis has not been studied before, partly 
because of difficulties in accurately measuring 
cardiotomy suction return and partly because 
platelet counts vary widely after cardiopulmo- 
nary bypass [15, 19]. 


Fig 3. Relationship between percentage change in 
preoperative and postoperative platelet counts and per- 
centage of total blood perfused that was returned by the 
cardiotomy suction system. 


Percent Chonge in Plalelet Count 





30 55 80 105 


i30 i55 (60 205 230 255 


Percent of Perfusate Aspirated 


Initially we compared platelet counts in ex- 
tracorporeal venous blood and blood aspirated 
simultaneously by the cardiotomy suction sys- 
tem. No consistent differences in platelet counts 
were found, probably because small differences 
were masked by variations due to counting 
technique. That approach was abandoned in 
favor of the present study, which shows a statis- 
tically significant correlation of both postopera- 
tive platelet count and percent difference in 
platelet count with the amount of cardiotomy 
suction return, bypass time, and percentage of 
total perfusate aspirated by the suction system. 

As mentioned in the introduction, the causes 
of platelet damage during cardiopulmonary 
bypass are reasonably well established. Tissue 
and air contact and increased physical stress 
within the suction system increase platelet 
aggregation and release [6, 8]. Filtration further 
reduces platelet numbers by removing aggre- 
gates and platelet debris [7, 18]. As with red 
cells, these factors best explain the additional 
platelet losses caused by the cardiotomy suction 
system. 

The amount of blood aspirated by the left ven- 
tricular vent and the cardiotomy suckers is large, 
and the idea of discarding such blood [16, 20] is 
not practical. Such a policy requires additional 
transfusions of banked blood, which also has 
few functioning platelets. A better approach is to 
try to limit the amount of cardiotomy suction 
return by using hypothermic and low-flow 
techniques during parts of the operation, reduc- 
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ing the amount of air aspirated with the left 
ventricular vent, and reducing bypass time. The 
ability to measure the amount of cardiotomy 
suction return during operation gives the sur- 
geon an opportunity to reduce the amount of 
blood aspirated by the system. 

Although others have devised ways of 
measuring the amount of cardiotomy suction 
return [3], the system described here is reliable, 
inexpensive, accurate, and simple to operate. 
Measurements can be made at any time intervals 
during operation. Those using the system 
should make their own calibration mea- 
surements at a known effective hydrostatic pres- 
sure, which is then kept constant whenever the 
system is used. 

The system can be improved for infants and 
young children by using a filter-reservoir with a 
smaller outflow chamber. The smaller chamber 
reduces the amount of blood held between the 
two photocells as well as that between the bot- 
tom photocell and the outlet. 

Hemolysis rarely causes postoperative prob- 
lems after modern bypass operations, but 
thrombocytopenia and poor platelet function 
cause poor clot formation [2] and prolonged 
bleeding times [3] in the majority of patients 
after bypass. The cardiotomy suction system 
contributes to this problem but is not the pri- 
mary cause. When means are found to preserve 
platelet numbers and function during bypass, 
the time spent after bypass in securing hemo- 
stasis will be materially reduced. 
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Postinfarction Cardiac Rupture: 
Surgical Success and Review of the Literature 


Robert W. Kendall, M.D., and Marcus A. 


ABSTRACT Cardiac rupture following myocardial 
infarction has been reported as the cause of 4 to 24% 
of all infarction deaths. The rupture may occur from a 
few hours to several days after the myocardial infarc- 
tion and is not a true “blowout” but rather a necrotic 
hemorrhagic area in the center of the infarction that 
extravasates blood and leads to pericardial tam- 
ponade. The most common findings when rupture 
occurs are renewed chest pain, bradycardia, and 
shock. | 

Two patients with postinfarction myocardial rup- 
ture who were operated on successfully are reported. 
With prompt diagnosis and treatment, more of these 
patients would survive long enough to undergo oper- 
ation. With cardiopulmonary bypass the repair of 
these ruptures is not difficult. 


The incidence of cardiac rupture as a complica- 
tion of acute myocardial infarction varies 
widely. Over the years, various reports have 
stated rupture as the immediate cause of death 
in 4 to 2496 of all infarction deaths [7, 9, 11, 13, 
19, 20]. To besure, this variation is largely due to 
the population studied and the methods of sur- 
vey. This report concerns itself with rupture of 
the free wallof the left ventricle and its attendant 
problems. 

The clinical event of ventricular rupture is al- 
most uniformly fatal, and death is secondary to 
the abrupt hemodynamic deterioration as- 
sociated with tamponade. It is now apparent 
that cardiac rupture is nota “blowout” phenom- 
enon but is instead a gradual process that begins 
with small epithelial tears which permit forma- 
tion of a hematoma that dissects through the 
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area of necrosis in a prolonged, discontinuous 
manner. Death results from pericardial tam- 
ponade rather than pump failure. 

We present here our most recent experience 
with management of myocardial rupture. Both 
patients were near death when first seen, and 
both survived. 


Case Histories 
Patient 1 


A 61-year-old white man was previously well 
and had no past history of cardiovascular dis- 
ease. For 3 days prior to admission he experi- 
enced anterior chest pain, and on the day of 
admission he became diaphoretic and had syn- 
cope. He was seen in the emergency room on 
May 31, 1976, and at that time his blood pressure 
was 102/80, his pulse was 100, his respirations 
were 18, and he appeared acutely ill. His elec- 
trocardiogram demonstrated a posterior infarct 
pattern. A coronary arteriogram revealed a total 
obstruction of the marginal circumflex artery. A 
ventriculogram demonstrated a dyskinetic area 
on the posterolateral wall. 

The patient was admitted to the coronary care 
unit and was managed according to the usual 
myocardial infarction protocols. He seemed 
quite stable until 2 days after admission (5 days 
postinfarct), when he complained of renewed 
chest pain and went into cardiopulmonary ar- 
rest. He was successfully resuscitated and given 
ventilatory support. 

His ECG showed sinus tachycardia alternat- 
ing with junctional bradycardia. There was sig- 
nificant S-T segment elevation. His blood pres- 
sure was 80/0, and he was comatose and had no 
urine output. The preoperative chest roent- 
genogram is shown in Figure 1. 

A clinical picture of pericardial tamponade 


. prompted emergency pericardicentesis. Aspira- 


tion ofthe pericardial space partially relieved his 
tamponade. By means of these findings, a diag- 
nosis of ruptured myocardium was made. The 
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Fig 1. Chest roentgenogram for Patient 1 taken 
immediately before operation. 


patient was taken immediately to the operat- 
ing room for repair of suspected myocardial 
rupture. 

The patient was placed on partial cardiopul- 
monary bypass through the left femoral vessels 
prior to opening the pericardium. On opening 


Fig 2. (Patient 1.) (A) Posterolateral view of the heart 
showing the area of extravasation, which was high and 
along the course of the marginal circumflex artery. (B) 
Posterolateral view of the heart showing the repair that 
was done. 


the pericardium approximately 250 ml of clotted 
blood was removed. The heart itself was 
swathed in a red, fibrinous rind 2 to3 mm thick. 
At this point, full cardiopulmonary bypass was 
instituted. Under moderate hypothermia, the 
heart was fibrillated and the fibrinous rind was 
peeled off the surface of the heart. A fresh clot 
was stripped from the proximal portion of the 
marginal circumflex artery and revealed a 1.5 cm 
area that appeared necrotic and was bleeding. 
This was not a through-and-through hole but 
rather a necrotic area through which the blood 
could extravasate (Fig 2A). The infarcted muscle 
was plicated by using heavy nonabsorbable su- 
ture passed through large Teflon-felt strips. The 
myocardium was not opened for fear of damag- 
ing the posterior papillary muscle. When the 
sutures were tied, the necrotic area was com- 
pressed, thereby preventing any further ex- 
travasation of blood through this area (Fig 2B). 
The patient came off bypass without difficulty. 
Postoperatively the patient did well. He had 
some tachycardia for the first few days, but at no 
time did he require vasopressor support, and he 
had no subsequent rebleeding. His kidneys 
started making urine as soon as his heart was 
repaired. He left the hospital on the fifteenth 
postoperative day and has done well since. 


Patient 2 


A 59-year-old white man with no history of car- 
diovascular disease experienced severe anterior 
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Fig 3. Chest roentgenogram for Patient 2 taken 
immediately before operation. 


chest pain. He was seen July 7, 1976, in the 
emergency room of an outlying hospital 8 hours 
after the onset of pain. His ECG indicated an 
anterior septal infarct. 

Twenty hours after the onset of pain he had 
slowing of his heart rate with sinus and junc- 
tional bradycardia. Blood pressure became un- 
obtainable. The patient was resuscitated, given 
ventilatory assistance, and supported with iso- 
proterenol and levarterenol. A pericardicentesis 
was done immediately. Blood was aspirated 
from the pericardial space, whereupon the cen- 
tral venous pressure dropped to nearly normal 
and vasopressors were no longer needed. With 
the pericardial tube in place the patient was then 
transferred to our hospital, where he was taken 
to operation with a diagnosis of ruptured ventri- 
cle. Figure 3 shows the preoperative chest roent- 
genogram. 

The patient was placed on partial cardiopul- 
monary bypass through the left femoral vessels. 
When the pericardium was opened, about 300 
ml of blood and clots was removed. There was a 
fibrinous rind over the heart. At this point the 
patient was put on complete bypass. On inspec- 
tion of the patient's heart a necrotic hemorrhagic 
area was found under the midpoint of the left 
anterior descending coronary artery (Fig 4A). 





B 


Fig 4. (Patient 2.) (A) Anterior view of the heart showing 
the area of extravasation along the midpoint of the an- 
terior descending coronary artery. The broken line is the 
approximate area of resection. (B) Anterior view of the 
heart showing the repair that was done. 


Blood had dissected along the course of the an- 
terior descending coronary artery, and at its 
midportion there was a 2 cm area of necrotic 
myocárdium. It was through this area that the 
blood had extravasated. The left ventricle was 
opened just lateral to the hemorrhagic area, and 
a fresh thrombus was noted on the endocardial 
surface in the region of the necrotic myocar- 
dium. A 6 cm long by 3 cm wide infarctectomy 
with the necrotic area in the center was then 
performed. The ventricular septum was normal. 
The ventriculotomy was closed with heavy 
nonabsorbable suture passed through strips of 
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Teflon felt (Fig 4B). Cardiopulmonary bypass 
was discontinued at 37 minutes without diffi- 
culty. 

The patient’s postoperative course was un- 
eventful, and he was discharged on the ninth 
postoperative day. Six weeks postoperatively 
the patient was doing quite well and was very 
active. He had no chest pain and was feeling “as 
good as new.” 


Comment 


William Harvey first described cardiac rupture 
in 1647. Since that time, various aspects of the 
disease have been examined [7, 9, 11, 13, 19, 21]. 
The vast majority of these reports have been of 
necessity retrospective and based on postmor- 
tem findings. This is primarily because evolving 
rupture of the heart is difficult to recognize clini- 
cally prior to tamponade, and at that point death 
is imminent. 

Rupture of the myocardium may be a conse- 
quence of several disease states. Among these 
are trauma and nonpenetrating wounds of the 
chest as well as tumors, infective endocarditis, 
myocardial abscess secondary to septicemia, 
syphilitic myocarditis [6], and endocarditis due 
to brucella [15] or the tubercle bacillus and even 
more rarely the echinococcus cyst [4]. Coronary 
heart disease with acute myocardial infarction is 
by farthe most common underlying pathological 
state. 

The physical signs of the clinical event have 
been investigated [8] and are predictable 
enough from our knowledge of the patho- 
physiology of cardiac tamponade. Sudden 
decline of blood pressure, rapidly increasing 
venous pressure, parodoxical pulsations, 
deepening cyanosis, and stupor are almost uni- 
versally present. The most common symptoms 
heralding rupture are renewed chest pain, 
bradycardia, and shock. 

Electrocardiographic changes are less clear, 
however, and appear to be related to the point in 
the clinical course at which rupture is detected. 
Electrical changes associated with transmural 
myocardial infarction are the rule, but rupture in 
the presence of a normal electrocardiogram has 
been reported [14]. The vast majority of patients, 
however, undergo progressive slowing of the 
heart rate terminating in sinus bradycardia fol- 
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lowed by junctional bradycardia [8, 16, 18] until 
standstill intervenes. 

There have been few reports of aggressive 
surgical management of this problem. Most 
trials have been done under emergency situa- 
tions, and survival has been poor. Three at- 
tempts at surgical correction of postinfarction 
myocardial rupture by use of silk suture and 
pericardial patching were reviewed by Lofstrom 
and co-workers [12]. Two patients died of rerup- 
ture, and the third from irreversible cerebral 
damage. Facilities for cardiopulmonary bypass 
were lacking. 

In the only prospective study encountered in 
the literature, Cobbs and associates [3] studied 
16 patients, 3 of whom underwent operation 
with 2 long-term survivors. All procedures were 
performed without the use of cardiopulmonary 
bypass. Montegut [17] reported successful repair 
of a posterior left ventricular rupture without 
extracorporeal! circulation. Silk mattress sutures 
were employed, bolstered by Teflon felt. 

In a most impressive account of aggressive 
surgical approach to rupture, Fitzgibbon and 
co-workers [5] detailed the history of a 45-year- 
old serviceman who was treated successfully for 
rupture of the left ventricular free wall by in- 
farctectomy and aortocoronary vein bypass. 

Once the diagnosis of rupture is made, the 
options appear to be few and the treatment plan 
limited. Aside from the surgical procedure itself, 
survival is a function of clinical recognition, 
preoperative therapy, and transit time to the 
operating theater. Pericardicentesis is the most 
important preoperative step. A drain may be left 
in the pericardial sac during transport to the 
operating room or even during interhospital 
transport. This technique has been described 
previously in the management of penetrating 
cardiac injuries [1] and allows for continuous 
relief of tamponade. Simultaneously, cautious 
volume expansion may also be undertaken to 
increase filling pressures‘ of the compressed 
heart and thereby augment perfusion. Binion 
and colleagues [2] previously have demon- 
strated the’ beneficial hemodynamic effects of 
inotropic agents in acute experimental tam- 
ponade. ET 

We believe that cardiopulmonary bypass 
should be used in management if at all possible. 
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Bypass allows a considerable degree of safety 
when approaching the rupture, especially if par- 
tial bypass has been established through the 
femoral vessels. Second, all areas of the heart are 
more readily accessible; and third, a more care- 
ful repair can be done under conditions of car- 
diopulmonary bypass. 

Among the most striking findings borne out 
by clinical observation [8] and by postmortem 
study [7, 10, 12, 18, 21] is that rupture of the left 
ventricular free wall usually occurs in the setting 
of the first infarct and that cardiogenic shock is 
commonly absent. The vast quantity of myocar- 
dium is preserved. We therefore believe that 
surgical therapy is very helpful in the manage- 
ment of ruptured hearts which usually are too 
healthy to die. It is only through prompt diag- 
nosis and treatment by an astute cardiologist 
that these patients survive long enough to be 
taken to the operating room. Given the chance, a 
well-trained cardiac surgeon should have little 
trouble repairing this lethal complication of 
myocardial infarction. 
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Restenosis of the Mitral Valve: 
Surgical Considerations and Results of Operation 


Stanley John, M.D., W. John Perianayagam, M.Ch., K. A. Abraham, D.M., 
P. S. Jairaj, F.R.A.C.S., S. Krishnaswami, D.M., I. P. Sukumar, F.R.C.P., 


and George Cherian, M.D. 


ABSTRACT Our experience over an eight-year 
period with 63 consecutive patients with mitral re- 
stenosis who underwent operation forms the basis for 
this report. Striking clinical disability was a notable 
finding. A majority of the patients were less than 30 
years old. Embolic phenomena were rare. Closed 
transventricular valvotomy offers excellent low-risk 
palliation and good long-term results. 

Follow-up showed excellent or good results in 
90.5% of the patients and poor results in 9.5%. 
Hemodynamic study of 6 patients demonstrated a 
pronounced decrease in the pulmonary artery pres- 
sure. Open valvotomy was performed in 6 subjects. 
The presence of intracardiac calcification together 
with mild mitral incompetence in 2 patients made 
valve replacement mandatory. The problem of re- 
stenosis of the mitral valve is complex, and only after 
further long-term results are available will the 
superiority of any one method be demonstrated. 


In this paper we review our experience with 63 
consecutive patients who underwent operation 
for restenosis of the mitral valve at the Christian 
Medical College Hospital, Vellore, India. The 
primary object of our study was to determine the 
efficacy of closed transventricular repeat val- 
votomy and its long-term results as seen at this 
institution where many patients have mitral 
valve disease requiring operation [13, 15]. The 
choice of specific operative techniques is largely 
influenced by factors such as angiocardio- 
graphic findings of left atrial thrombus, asso- 
ciated valvular incompetence, and dense calcifi- 
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cation. Following mitral valvotomy, restenosis 
is a recognized development that occurs over 
varying periods of time [2, 13, 24]. 


Material and Methods 


Between 1966 and 1974, 63 patients underwent 
operation for mitral restenosis. They ranged 
from 13 to 49 years old; 37 patients were less than 
30 years old. Forty of the patients were male and 
23 were female. 

Various surgical techniques were used. In 55 
patients a closed transventricular repeat val- 
votomy was the method of choice. The left pos- 
terolateral approach was utilized in patients 
requiring a closed procedure, and a midline ster- 
notomy was used in patients who required open 
valvotomy or valve replacement. We prefer the 
Tubbs dilator. The same mechanical dilator was 
used in the 4 patients with aortic stenosis, in 
whom a concomitant closed transventricular 
aortic valvotomy was accomplished following 
relief of obstruction at the mitral valve. A trans- 
septal approach was utilized in 4 of the 6 patients 
in whom an open repeat valvotomy was per- 
formed [12, 20]. Furthermore, 5 of these 6 pa- 
tients, in whom the presence of a thrombus was 
documented by preoperative left atrial cinean- 
giocardiography [16], had atrial thrombectomy. 
In the 2 patients for whom valve replacement 
was considered mandatory, a Starr-Edwards 
ball-valve prosthesis was used to replace the 
diseased valve (Table 1). 

The major clinical features are shown in Table 
2. Twenty-eight patients were in Functional 
Class III and 35 were in Class IV according to the 
criteria of the New York Heart Association [4]. 
Congestive cardiac failure was present in 32 pa- 
tients. It is worthy of note that preoperative em- 
bolic phenomena occurred in only 6 patients, a 
figure that is in striking contrast to that reported 
from the West [8]. A history suggestive of 
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Table 1. Methods of Operative Treatment 


Closed Open Mitral 

Mitral Mitral Valve 

Valvot- Valvot- Replace- 
Patient Data omy omy ment 
No. of patients 55 6 2 
Average age (yr) 29 35 35 
Sinus rhythm 46 1 0 
Atrial fibril- 9 5 2 

lation 
Calcification 20 3 2n 
Left atrial 0 5 0 
thrombus 
4Heavy calcification. 
Table 2. Major Clinical Features 
No. of 

Symptoms Patients 
Effort dyspnea 63 
Palpitation 50 
Congestive cardiac failure 32 
Paroxysmal nocturnal dyspnea 20 
Hemoptysis I 
Preoperative embolic episode 6 


Table 3. Preoperative Hemodynamic Data 





PA Peak 
No. of Systolic No. of Cardiac 
Patients Pressure Patients Index 
(N = 40) (mm Hg) (N = 37) (Limin/m?) 
8 (20%) < 50 14 (3896) <2 
22 (55%) 51-80 17 (4696) 2-3 
10 (2596) 80 6 (1696) 3 


PA = pulmonary artery. 


Table 4. Results of Closed Mitral Valvotomy 


No. of. 
Result Patients 
Complete split (allowing two fingers) 47 
Incomplete split (subvalvular fusion) 8 
Postoperative mitral incompetence 
Trivial to mild 16 
Moderate 1 


rheumatic fever was evident in only 6 patients. 
Twenty-four patients were on regular long-term 
chemoprophylaxis against rheumatic fever fol- 
lowing the first operation. The average interval 
between the initial operation and the onset of 
symptoms of mitral restenosis was 5.4 years, the 
shortest being twelve months and the longest, 12 
years. It was specified that the transventricular 
dilator was utilized in 42 patients, and finger 
fracture was employed in 21. 

Associated lesions were present in 33 pa- 
tients, and mitral incompetence of a mild degree 
was evident in 8. Aortic stenosis that was con- 
sidered significant was found in 4 patients and 
was documented by cardiac catheterization in 
each instance. Electrocardiograms showed that 
47 of the 63 patients were in sinus rhythm and 
the remainder, in atrial fibrillation. 

Forty patients underwent hemodynamic 
studies with the following results: 32 patients 
had moderate to severe pulmonary hyperten- 
sion, and 13 had a mean left atrial pressure rang- 
ing between 31 and 40 mm Hg. Of the 37 patients 
for whom data on cardiac index were available, a 
pronounced decrease was evident in the major- 
ity (14 had a cardiac index less than 2 L/min/m? 
and 17, between 2 and 3 L/min/m?) (Table 3). 
Left cineventriculography was done to exclude 
major mitral incompetence and demonstrate mi- 
tral valve mobility. 


Results 


The diameter of the mitral orifice measured 0.5 
cm or less in 60 patients, and in the remaining 3 
it ranged from 0.75 to 1 cm. Intracardiac calcifica- 
tion was fluoroscopically evident in 25 patients: 
it was considered light in 23 and heavy in 2. 

A complete and satisfactory commis- 
surotomy was achieved in 47 of the 55 patients 
who had closed mitral valvotomy. In 8 patients 
the split was considered to be inadequate be- 
cause of subvalvular fusion. Trivial to mild in- 
competence after commissurotomy occurred in 
16 patients and moderate mitral incompetence 
in 1 (Table 4). 

Of the 63 patients, 5 died during the post- 
operative period—3 following closed transven- 
tricular valvotomy and 2 after open valvotomy 
(Table 5), for a mortality rate of 7.9%. Myocar- 
dial failure related to moderate mitral incompe- 
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Table 5. Causes of Death 


No. of 


Cause Patients 


Myocardial failure and low cardiac output 2 


Respiratory infection and ventricular 1 
tachyarrhythmia 

Gram-negative septicemia 1 

Cerebral embolism and cardiac arrest 1 


Table 6. Functional Status of 51 Patients at 
Follow-up, 2 to 10 Years (Mean, 5 Years) 


Grade Preoperative Postoperative 
I 0 45 (88%) 

II 0 3 (6%) 

III 22 3 (6%) 

IV 29 0 


tence was the cause of death in 1 of the 3 who 
underwent closed valvotomy; another, with 
cerebral embolism, died in the early postopera- 
tive period; and the third died of respiratory 
infection. In the 2 patients who underwent open 
mitral valvotomy with concomitant removal of 
massive left atrial thrombus, a gram-negative 
septicemia was the primary cause of death in 1 
and low cardiac output in the other. 

Two patients died in the follow-up period. 
One of them, who had had an excellent result 
following a closed repeat valvotomy, died from 
anaphylactic reaction to penicillin two months 
later. The other, who had had valve replace- 
ment, died from fatal cerebral hemorrhage re- 
lated to anticoagulant treatment 2 years follow- 
ing operation. 

Fifty-one of the 56 survivors were available for 
evaluation at periodic intervals. The follow-up 
ranged from 2 to 10 years (average, 5 years). 

The functional status of the survivors revealed 
an excellent result in 45, good in 3, and 
poor in 3 (Table 6). The clinical improvement 
found in these patients was supported by 
roentgenographic (Fig 1) and electrocardio- 
graphic data. Six of the patients underwent 
hemodynamic evaluation 2 to 6 years following 
surgical correction and showed a pronounced 
fall in pulmonary artery pressure (Fig 2). 


Three patients who had had closed valvotomy 
showed deterioration after initial improvement. 
Two subsequently underwent mitral valve re- 
placement with excellent results while the other 
was awaiting operation at the time of writing. 
Deterioration after initial improvement is, we 
believe, greatly related to the inexorable pro- 
gression of the basic disease process [13, 19]. 

Actuarial analysis of late results indicates an 
expected survival rate of 9096 at 10 years for 
patients undergoing closed transventricular re- 
peat valvotomy (Fig 3) [1]. 


Comment 


Many studies [21, 22] have described the results 
with specific procedures for pure or predomi- 
nant mitral stenosis, but there have been only a 
few recent reviews assessing the results of reop- 
eration for mitral stenosis [5, 11, 18]. The current 
consensus is that mitral restenosis should be 
treated by open operative techniques, some of 
which require valve replacement [11, 23]. De- 
spite many reports on the effectiveness of open 
valvotomy, it is not certain whether better re- 
sults are obtained with open-heart surgery 
rather than closed [3]. We have achieved excel- 
lent results with a closed transventricular val- 
votomy in the great majority of patients with 
restenosis. À notable feature is that a significant 
proportion of our patients were less than 30 
years old [9], and this meant a favorable valve 
morphology that enabled us to achieve good re- 
sults with the technique. In a patient with iso- 
lated mitral restenosis in whom the valve is 
neither heavily calcified nor associated with 
more than minimal incompetence, we believe 
closed valvotomy is the procedure of choice. 
Kerth and associates [17] and Glenn and co- 
workers [6] have stated that even heavy calcifica- 
tion complicating mitral stenosis need not con- 
traindicate an effort to achieve satisfactory valve 
function. Until a more desirable substitute is 
available, every effort should be made to save 
the patient's valve since even mild postoperative 
mitral insufficiency may be tolerated well for 
years. The incidence of postoperative mitral in- 
competence, however, has been low in our ex- 
perience. 

The present study and our previous experi- 
ence reveal that restenosis does develop in some 
patients despite a satisfactory valvotomy with 
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Fig 1. This series of roentgenograms demonstrates the 
pattern of changes that occur with mitral stenosis and the 
striking regression following the first valvotomy with 
subsequent reappearance of changes with the occurrence 
of restenosis and the excellent result following repeat 
valvotomy. (A) Mitral stenosis. (B) Appearance follow- 
ing transventricular mitral valvotomy. (C) Restenosis. 
(D) One year after repeat valvotomy. 


remarkable improvement after the initial opera- 
tion. Furthermore, restenosis occurs even after 
proved hemodynamic improvement (Fig 4). 
Therefore it is the result not of inadequate val- 
votomy, but.rather of the inexorable ravages of 





the disease [13, 19]. The progression of symp- 
toms seems to follow the rapid and relentless 
pace of the natural history of rheumatic valvular 
disease prevalent in India [14, 15]. Striking clini- 
cal disability was a notable finding, and this was 
attested to by the fact that 35 of our patients were 
in Functional Class IV and the remainder in 
Class III. Of those who underwent hemody- 
namic studies, 32 showed moderate to severe 
pulmonary hypertension. 

The method of choice in our experience has 
been posterolateral thoracotomy and access 
through the body of the left atrium. Hughes [10] 
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Fig 2. The pronounced fall in pulmonary artery pressure 
(PAP) following repeat valvotomy. 


and Harken and associates [9] stated that closed 
valvotomy through the scarred wall of the left 
atrium is difficult. We have not encountered any 
hazards with the approach. The overall opera- 
tive mortality in our group was 7.996. In analyz- 
ing surgical deaths, itis pertinent to recall that in 
3 of the 5 patients for whom hemodynamic data 
were available, the cardiac index was less than 
2 Limin/m?. The other 2 patients were in 
Functional Class IV. It is of special interest that 
more than half of those surviving operation were 
Class IV patients before operation. Such salvage 
of terminal cardiac patients is indeed worthy of 
comment. At the time of follow-up, the 
functional status of the patients was judged ex- 
cellent or good in 9496. These results of closed 


Fig 3. The actuarial survival curve for all patients who 
underwent closed mitral valvotomy for mitral restenosis 
compared with the group who underwent mitral valve 
replacement (Starr-Edwards valve). Out of 52 patients, 1 
died in the follow-up period and 3 were lost to follow-up. 
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transventricular valvotomy are, however, at 
variance with the experience of others [7]. 
Long-term follow-up data are graphed in ac- 
tuarial curves in Figure 3. Hemodynamic studies 
in 6 patients showed a pronounced fall in pul- 
monary artery pressure when the preoperative 
values were at nearly suprasystemic levels. Re- 
current stenosis developed in 3 of the 51 sur- 
vivors over a follow-up period extending from 2 
to 10 years (mean, 5 years). Two of them had a 


Fig 4. Hemodynamic data illustrating the sequence of 
events in a young boy. There is occurrence of restenosis 
even after a satisfactory hemodynamic result following 
the initial operation. (PA = pulmonary artery pressure; 
LA = left atrial pressure; PAR = pulmonary artery re- 
sistance; m = mean.) 
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successful valve replacement, and the third is to 
have repeat valvotomy. The indications are that 
many such patients will require valve replace- 
ment 7 to 10 years after initial operation because 
of either recurrence of stenosis or mitral incom- 
petence. Nevertheless, the extra years when the 
patient can use his own valve without anticoagu- 
lation are, in our opinion, certainly worthwhile. 

The relatively small series of patients who had 
open valvotomies and the absence of long-term 
follow-up preclude adequate statistical data to 
support this method as the one of choice in each 
instance. In our series, open valvotomy was elec- 
tively performed when preoperative data 
documented the presence of a left atrial throm- 
bus. In 2 patients, fluoroscopically demon- 
strated dense intracardiac calcification together 
with associated mitral incompetence constituted 
indications for valve replacement. 

We believe closed transventricular valvotomy 
for mitral restenosis offers excellent palliation at 
low risk and good long-term results in a large 
number of patients. In patients with restenosis 
and heavy calcification or more than mild regur- 
gitation, valve replacement is mandatory. Those 
patients with complicating left atrial thrombus 
should have an elective open valvotomy. 
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Postoperative Size of the Right 
Ventricular Outflow Tract and Optimal Age 
in Complete Repair of Tetralogy of Fallot 


Hidetaka Oku, M.D., Hitoshi Shirotani, M.D., Tatsuro Yokoyama, M.D., 
Yoshio Yokota, M.D., Jun Kawai, M.D., Atsumi Mori, M.D., 

Yoshio Kanzaki, M.D., Seiichiro Makino, M.D., 

Fumitaka Ando, M.D., and Naoki Setsuie, M.D. 


ABSTRACT One hundred forty-three patients 
underwent complete repair of tetralogy of Fallot with 
an overall mortality of 14.7%. The mortality rate cor- 
related with the preoperative pulmonary artery to 
aorta (PA/Ao) diameter ratio but not with age. 
A retrospective study revealed that for success, 
the postoperative pulmonary annulus should be 
over 1.75 cm? per square meter of body surface area 
(BSA) in patients with a BSA of less than 0.6 m? at 
operation. The younger the patient, the lower was the 
ratio of right ventricular to aortic systolic pressure, 
even when the cross-sectional area index (CSAJ) of 
the pulmonary annulus was the same. Even with ap- 
plication of an outflow patch, pulmonary regurgita- 
tion was negligible when the CSAI was less than 2.6 
cm?/m?, The pulmonary vascular response to in- 
creased blood flow was excellent in younger patients. 
Residual ventricular septal defect and recurrent pul- 
monary stenosis were unrelated to age. ` 

Thus, for symptomatic patients, even infants, we 
recommend that complete repair be attempted when 
the PA/Ao diameter ratio is over 0.3. For patients in 
whom this ratio is less than 0.3, operation should be 
undertaken when the average diameter index of the 
arterial pathway to the right upper lobe is above 4 
mm/im"?, Should this index be less than 4 mm/nv?, a 
two-stage operation is recommended. 


The indications for complete repair of tetral- 
ogy of Fallot have been greatly expanded to 
include younger patients with more severe ab- 
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normalities. This study was undertaken to 
provide information that would aid in deter- 
mining the optimal age for complete repair and 
optimal size of the right ventricular outflow 
tract from the standpoint of operative results 
and postoperative hemodynamics. Operative 
results were evaluated mainly with regard 
to the preoperative pulmonary artery to aorta 
(PA/Ao) diameter ratio and the ratio of the post- 
operative pulmonary annulus size to body sur- 
face area (BSA). Postoperative hemodynamic re- 
sults were assessed with reference to the ratio of 
right ventricular to aortic (RV/Ao) systolic pres- 
sure, pulmonary insufficiency, and other rele- 
vant indicators. 


Materials and Methods 


Between October, 1968, and April, 1976, a total 
of 143 symptomatic Japanese patients with te- 
tralogy of Fallot underwent complete repair at 
the Heart Institute of Amagasaki Hospital. In 
patients of all ages, indications for repair were 
determined only from the standpoint of patho- 
logical anatomy, in particular the PA/Ao diame- 
ter ratio and the average diameter index of the 
main pulmonary arterial pathway to the right 
upper lobe. Age and weight were not consid- 
ered. A Blalock anastomosis was performed on 9 
small babies in whom the PA/Ao diameter ratio 
was less than 0.3 and the average diameter index 
of the main arterial pathway to the right upper 


lobe was less than 2 mm/m’. Primary intracar- 


diac repair was performed on 141 patients and 
secondary repair after Blalock anastomosis on 2 
patients. These patients, 87 of them male and 56 
female, were classified into six age groups: 
under 12 months of age, 1 to 2 years, 2 to3 years, 
3 to 4 years, 4 to 5 years, and over 5 years of age. 
The youngest patient was 4 months of age and 
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the oldest, 31 years. Eighty-one percent were 
under 5 years of age. 

Cardiac catheterization and angiocardiog- 
raphy were performed on all patients before 
operation and on 116 of the 122 survivors 
afterward. Repeat postoperative cardiac cath- 
eterization and angiocardiography were per- 
formed on 20 patients one to six years post- 
operatively. 

To obtain the PA/Ao diameter ratio, diameters 
were measured at the level of the pulmonary 
valve ring and at a point immediately distal to 
the sinus of Valsalva of the aortic root in the 
systolic phase of the selective right ventriculo- 
gram in the lateral projection. The average 
diameter index of the main arterial pathway to 
the right upper lobe was obtained by the follow- 
ing calculations [2]: 


Average diameter index 


True diameter (dn) = Dn/MC 


where MC is the magnifying coefficient. 
Maximum diameters (Dn) were measured at 
three portions of the main pulmonary arterial 
pathway to the eis upper lobe on the arterio- 
gram: 

maximum diameter of hilum 

maximum diameter of middle portion 
maximum. diameter of periphery 


D, = 
D, = 
D; 


BSA was obtained from body weight and height 
by using a DuBois-Boothby-Stanford nomo- 
gram. The cross-sectional area index of the pul- 
monary annulus (CSAI) was obtained by the 
following equation: 


CSAI = «(d/2)BSA (in cm?/m?) 


where d is the diameter (in centimeters) of the 
right ventricular outflow tract or pulmonary an- 
nulus after enlargement at operation and BSA is 
body surface area iri square meters. This formula 
yields the postoperative size of the pulmonary 
annulus or right ventricular outflow tract per 
unit BSA. 


Technique of Repair . 


Profound hypothermia with surface cooling and 
limited cardiopulmonary bypass (Kyogo tech- 
nique [9]) was used on 12 infants weighing less 
than 9 kg. The lowest average rectal temperature 
was 20°C (range, 18° to 22°C). The average 
circulatory arrest time was 45 minutes (range, 35 
to 56 minutes). Routine cardiopulmonary 
bypass was used for the 131 patients weighing 
more than 9 kg. 

The right ventricle in 56 patients was opened 
by a transverse incision, and in 87 patients a - 
vertical or oblique incision was made. Relief of 
the outflow tract obstruction was initiated with 
mobilization and excision of the parietal band 
of the crista supraventricularis and the septal 
band. The thickened, fibrous endocardium from 
the pulmonary valve ring to the crista was com- 
pletely stripped except at the upper margin of 
the ventricular septal defect. The pulmonary 
valve was examined from below, and the fused 
leaflets were incised at two loci. Next, the valve 
ring was enlarged with application of Hegar di- 
lators. When an outflow patch was used, a verti- 
cal incision was made in the outflow tract, 
precisely positioned so as to pass through a 
commissure in order to preserve the anterior 
cusp. A pericardial outflow patch covered with 
Dacron cloth was inserted across the pulmo- 
nary valve ring in 23 patients, in 19 of whom an 
outflow patch with a single cusp was used. A 
localized patch was applied to the main pulmo- 
nary artery in 6 patients with severe supravalvu- 
lar pulmonary stenosis. The ventricular septal 
defect was closed with a duplicated autopericar- 
dial patch in 69 patients, and a Teflon patch was 
used in 74 patients. 


Results 
Operative Mortality 


RELATIONSHIP TO AGE AND PREOPERATIVE. 
PA/Ao DIAMETER RATIO. Among 43 patients | 
with a PA/Ao diameter ratio over 0.5 (Group 1) 
there was only 1 death. Of 78 with a PA/Ao 
diameter ratio ranging from 0.5 to 0.3 (Group 2), 
10 died. Among patients with a PA/Ao diameter 
ratio of less than 0.3 (Group 3), the operative 
mortality rate was high, with 10 out of 22 dying. 
As shown in Table 1, there was no significant 
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Table 1. Mortality According to Patient Age and Pulmonary Artery—Aorta Diameter Ratio 


PA/Ao Ratio 
20.50 0.5—0.3 «0.30 
(Group 1) (Group 2) (Group 3) Total 
No. of Deaths No. of Deaths No. of Deaths No. of Deaths 

Age Patients (%) Patients (%) Patients (%) Patients (%) 
0-12 mo 4 O0 (0) 8 1 (12.5) 6 3 (50.0) 18 4 (22.2) 
1-2 yr 8 0 (0) 14 2 (14.3) 2 1 (50.0) 24 3 (12.5) 
2—3 yr 9 1 (11.1) 17 2 (11.8) 3 1 (33.3) 29 4 (13.8) 
3-4 yr 10 0 (0) 14 2 (14.3) 4 2 (50.0) 28 4 (14.3) 
4—5 yr 4 0 (0) 10 1 (10) 3 1 (33.3) 17 2 (11.8) 
5-31 yr 8 0 (0) 15 2 (13.3) 4 2 (50.0) 27 4 (14.8) 

Total 43 1 (2.3) 78 10 (12.8) 22 10 (45.4) 143 21 (14.7) 


PA/Ao ratio — ratio of diameter of pulmonary annulus to diameter of aorta. 


difference between the mortality rate and age in 
any of the three groups. Consequently, the 
operative mortality was not intluenced by age 
~ but rather by the PA/Ao diameter ratio, an im- 
portant indicator of development of the pulmo- 
nary artery. The most common cause of death in 
the 11 patients with a PA/Ao diameter ratio over 
0.3 who died was insufficient enlargement of 
the right ventricular outflow tract. These pa- 
tients might have survived if the tract had 
been enlarged according to our criterion to be 
described shortly. 

The average diameter index of the main arte- 
rial pathway to the right upper lobe was calcu- 
lated in 13 of the 22 patients with a PA/Ao diame- 
ter ratio less than 0.3. The average value of this 
index was 5.20 mm/m? in 7 survivors and 3.83 
mm/m? in 6 patients who died, most of them 
from pulmonary edema. Consequently, we con- 
sider that in patients with an average diameter 
index less than 4 mm/m’, primary intracardiac 
repair is not indicated; rather, a two-stage oper- 
ation should be done. 

_ RELATIONSHIP TO CSAI AND BSA. A retrospec- 
tive study was made on the postoperative size of 
the pulmonary annulus in 142 patients. The con- 
cept of CSAI was introduced to evaluate the size 
after enlargement of the right ventricular out- 
flow tract. The Figure depicts CSAI on the verti- 
cal axis and BSA on the transverse axis. These 
142 patients were divided according to whether 
their CSAI was above or below 1.75 cm?/m*. 


Among the 105 patients whose CSAI was above 
that value, 5 died; this mortality rate of 4.8% was 
unrelated to BSA. Among the 5 patients, 1 death 
was due to cardiac tamponade and another to 
cerebral hemorrhage. The remaining 3 died of 
pulmonary edema. Their preoperative PA/Ao 
diameter ratios had all been less than 0.3 and the 
average diameter indexes of the main arterial 
pathway to the right upper lobe less than 4 
mm/m?; in addition, the pulmonary arteries 
were hypoplastic, and complete repair was not 
feasible. Among patients whose CSAI was 
below 1.75 cm?/m?, only 1 of the 15 with a BSA 
exceeding 0.6 m? died, of hypoxemia due to a 
reverse shunt through the patent foramen ovale. 
In contrast, 15 out of 22 patients (68.2%) with a 
BSA of less than 0.6 m? died. Among the 15 
fatalities with a CSAI of less than 1.75 cm?/m? 
and BSA of less than 0.6 m?, 11 patients died of 
so-called low cardiac output syndrome and 4 
of acute renal insufficiency resulting from 
hemolysis. Thus, we concluded that the right 
ventricular outflow tract should be enlarged 
enough to ensure that the CSAI will be above 
1.75 cm?/m? in infants and small children with a 
BSA of less than 0.6 m’. 


Postoperative Hemodynamic Results 

RV/Ao SYSTOLIC PRESSURE RATIO. The RV/ 
Ao systolic pressure ratio was evaluated with 
regard to CSAI and age. The relationship shown 
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(om?/M*) 


$ Survival 


C SA | of pulmonary annulus 


0.9 
(M?) 


0.8 
BSA 


Relationship between results of surgical repair and post- 
operative size of pulmonary annulus. (CSAI = cross- 
sectional area index of pulmonary annulus; BSA = 

body surface area.) 


in the following equation was obtained between 
RV/Ao systolic pressure ratio and CSAI: 


RV/Ao systolic pressure ratio 
= 0.42/(CSAT)? + 0.36 


Thus, the larger the CSAI, the lower the RV/Ao 
systolic pressure ratio. From this equation, the 
projected RV/Ao systolic pressure ratio one 
month postoperatively can be assessed at the 
time of operation by measuring the diameter of 
the pulmonary annulus after enlargement. 

Table 2 shows the number of patients with an 
RV/Ao systolic pressure ratio less than 0.5 
among 94 survivors with a CSAI over 1.75 cm?/ 
m?. We found that the younger the patient, the 
lower was the RV/Ao systolic pressure ratio even 
when CSAI was similar. 

PULMONARY INSUFFICIENCY. Pulmonary in- 
sufficiency was assessed by both the ratio of 
pulmonary artery pulse pressure to systolic 
pressure and the diastolic pressure gradient be- 
tween the right ventricle and the main pulmo- 
nary artery. A murmur of pulmonary regurgita- 


tion was present in 20 of the 97 patients without 


T Desth 





1.0 


Table 2. Right Ventricle—Aorta Systolic Pressure 
Ratio One Month after Operation in Survivors 
with a CSAI above 1.75 cm?lm* 


No. with 
No. of RV/Ao 

Age Patients « 0.5 Percent 
« 12 mo 12 12 100 
1-2 yr 17 13 76.5 
2-3 yr 22 17 To 
3—4 yr 18 13 12-2 
4—5 yr 10 6 60 
—5yr 15 9 60 

Total 94 70 74.5 


an outflow tract patch. Table 3 shows those two 
mean values in patients with and without the 
murmur. In addition, pulmonary arteriography 
performed in the 20 patients with the murmur 
failed to show regurgitation of more than grade 
1/4 except in 1 patient with severe pulmonary 
hypertension. Thus, pulmonary insufficiency 
cannot be diagnosed by the presence of a dia- 


stolic murmur alone. 


Postoperative hemodynamic data from 14 pa- 
tients with an outflow tract patch across the 
pulmonary valve ring are shown in Table 4. Of 
12 patients (Nos. 1 to 12) with a CSAI of 2.6 
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Table 3. Average Values of Pulmonary Artery Pressure Ratios and Pulmonary 
Artery—Right Ventricle Diastolic Pressure Gradient in 97 Patients 


with No Outflow Tract Patch 





Determination 


Murmur of Regurgitation 


Absent (N = 77) Present (N = 20) 





Ratio of PA pulse pressure to PA systolic pressure 
PA-RV diastolic pressure gradient (mm Hg) 


0.64 (0.83—0.38) 
9.8 (18-5) 


0.65 (0.83—0.36) 
10.2 (16-5) 





PA = pulmonary artery; RV = right ventricle. 


Table 4. Postoperative Hemodynamic Results in 14 Patients with an Outflow Tract Patch 





CSAI PAPP 

Patient No. (cm?/m?) PASP 
1 1.4 0.50 
2 1.6 0.60 
3 2.0 0.67 
4 2.1 0.73 
5 25 0.69 
6 2.2 0.68 
7 2.0 0.61 
8 1.7 0.63 
9 2.1 0.78 
10 2.1 0.70 
11 2.0 0.67 
12 2.6 0.76 
Average value? 2.0 0.67 
13 2.6 0.81 
14 4.0 0.82 


?For 12 patients, excluding Patients 13 and 14. 


PA-RV DPG RV—-PA SPG 
(mm Hg) RV/Ao SPR (mm Hg) 
7 0.55 53 
8 0.56 50 
8 0.44 20 
8 0.63 21 
9 0.42 11 
10 0.46 | 16 
9 0.39 18 
14 0.53 15 
7 0.33 5 
0.45 20 
10 0.42 12 
10 0.49 22 
9 0.47 22 
5 0.49 19 
2 0.48 29 


CSAI = cross-sectional area index of pulmonary annulus; PAPP = pulmonary artery pulse pressure; PASP = pulmonary 
artery systolic pressure; PA-RV DPG = pulmonary artery—right ventricle diastolic pressure gradient; RV/Ao SPR = right 
ventricle—aorta systolic pressure ratio; RV-PA SPG = right ventricle- pulmonary artery systolic pressure gradient. 


cm?/m? or less, the regurgitation murmur was 
first detected in 8 one month postoperatively. 
The average value of the ratio of pulmonary ar- 
tery pulse pressure to systolic pressure was 0.67 
(range, 0.78 to 0.50) and that of the pulmonary 
artery-right ventricle diastolic pressure gra- 
dient was 9 (range, 14 to 7) mm Hg. These two 
values were not significantly different from 
those in patients without an outflow tract patch 
(see Table 3). In these 12 patients, regurgitation 
of contrast medium into the right ventricle was 
not evident in pulmonary arteriographic stud- 
ies. Thus, pulmonary insufficiency was essen- 


tially negligible when the CSAI was less than 2.6 
cm*/m*, even when an outflow patch was used. 

In contrast to these findings, in 2 patients 
(Nos. 13 and 14) with a CSAI of 2.6 cm?/m? and 
over, a diastolic murmur was audible im- 
mediately after operation. The ratios of pulse 
pressure to systolic pressure were significantly 
elevated, and the pulmonary artery—right ven- 
tricle diastolic pressure gradients were signifi- 
cantly low. Pulmonary arteriography revealed 
regurgitation in Patient 14 but not in Patient 13. 

OTHER COMPLICATIONS. Residual or recur- 
rent ventricular septal defect was suspected in 
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11 patients. Blood gas analysis revealed left-to- 
right shunts at the level of the ventricle in 3 
children aged 1, 2, and 9 years. In the remaining 
8 patients, however, a shunt could not be ver- 
ified. 

Among the 20 patients who underwent a sec- 
ond postoperative cardiac catheterization, ag- 
gravation of the residual pulmonary stenosis 
was observed in a 1-year-old. At operation the 
pulmonary annulus was sufficiently enlarged so 
that the CSAI was 2.6 cm*/m* without an out- 
flow patch. Three years later, however, cardiac 
catheterization revealed that the RV/Ao systolic 
pressure ratio was 0.80 and the right ventricle- 
pulmonary artery systolic pressure gradient was 
50 mm Hg. The successful reoperation con- 
firmed that recurrent stenosis was due to re- 
newed hypertrophy of the residual muscular 
mass of the parietal band. In the other 19 pa- 
tients the residual pulmonary stenosis had im- 
proved, i.e., the average value of the RV/Ao sys- 
tolic pressure ratio had decreased from 0.57 
(range, 0.79 to 0.46) to 0.48 (range, 0.66 to 0.33), 
and the right ventricle-pulmonary artery sys- 
tolic pressure gradient had declined from 33 
(range, 73 to 6) to 21 (range, 48 to 3) mm Hg. 
Residual ventricular septal defect and late re- 
currence of pulmonary stenosis did not correlate 
with age. 

Pulmonary hypertension after complete repair 
was observed in 12 patients who had neither a 
residual ventricular septal defect nor a previous 
shunt operation. Pulmonary hypertension was 
defined as systolic pulmonary artery pressure 
greater than 40 mm Hg. The average systolic 
pressure value was 51 (range, 74 to 41) mm Hg, 
and the ratio of pulmonary arterial to systemic 
resistance was 0.29 (range, 0.46 to 0.21). The 
incidence of pulmonary hypertension according 
to age was as follows: under 12 months of age, 
0% (0/14); 1 to 2 years, 5.6% (1/18); 2 to 3 years, 
4.296 (1/24); 3 to 4 years, 9.5% (2/21); 4 to 5 years, 
13.3% (2/15); and over 5 years, 30.0% (6/20). The 
incidence of pulmonary hypertension thus was 
seen to increase with advancing age. With refer- 
ence to the preoperative PA/Ao diameter ratio, 
there were 4 pulmonary hypertensive patients 
(9.5%) among the 42 surviving patients in 
Group 1 and 5 (8.196) among the 62 in Group 2. 
In contrast, among 8 Group 3 patients (PA/Ao 


diameter ratio of less than 0.3), 3 (37.596) had 
pulmonary hypertension. (In the other 4 pa- 
tients in this group, the catheter did not enter 
into the pulmonary artery.) Thus, pulmonary 
hypertension following repair is more likely to 
occur in older patients and in those with severe 
anatomical defects. 


Comment 


The most critical problem in determining 
whether complete repair of tetralogy of Fallot is 
indicated involves judging the size of the pul- 
monary vascular bed that is surgically uncor- 
rectable. Unfortunately, convenient indicators 
for accurately gauging this size have not been 
established, and the PA/Ao diameter ratio is 
commonly used. This ratio is considered to some 
extent proportional to the size of the pulmonary 
vascular bed if a previous systemic- pulmonary 
artery anastomosis or patent ductus arteriosus 
did not coexist. Others have considered that 
complete repair is indicated when the diameter 
of the pulmonary artery is at least one-third that 
of the aorta [4]. In our study, the mortality rate 
was not in any way related to age but only to 
the PA/Ao diameter ratio. From an analysis of 
the cause of death, we consider that the size 
of the pulmonary vascular bed is sufficient 
for complete repair when the PA/Ao diameter 
ratio is above 0.3. On the other hand, when the 
PA/Ao diameter ratio isless than 0.3, the average 
diameter index of the arterial pathway to the 
right upper lobe is useful. Primary intracardiac 
repair is indicated when the index is over 4 
mm/m?, though pulmonary hypertension fre- 
quently develops postoperatively. When the 
index is less than 4 mm/m?’, a two-stage opera- 
tion is preferable. 

The most important factor influencing opera- 
tive results is the postoperative size of the right 
ventricular outflow tract at repair. Although the 
systolic pressure ratio between the right and left 
ventricles after cessation of extracorporeal circu- 
lation has generally been employed as an indi- 
rect indicator of the postoperative size of the 
outflow tract [7, 8], a more direct, convenient, 
and accurate criterion indicating the optimal 
size of the outflow tract is required. In our retro- 
spective study we found that the pulmonary an- 
nulus has to be enlarged so that the CSAI ex- 
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ceeds 1.75 cm?/m* in patients with a BSA of less 
than 0.6 mê. In contrast, in patients with a BSA 
exceeding 0.6 m?, the CSAI is unrelated to mor- 
tality rate. Although we have no valid explana- 
tion for this difference between older and 
younger patients, the untoward effect of the 
operative procedure and perfusion may be rela- 
tively greater in younger patients. Several au- 
thors [3, 11, 12] have postulated an adequate size 
of the right ventricular outflow tract; however, 
our criterion, as determined by results in our 143 
patients and indicated by the CSAI of 1.75 
cm?/m?, should be given strong consideration. 

Astothe patient's age and residual pulmonary 
stenosis, Burnell and co-workers [5] found no 
difference in residual pulmonary stenosis 
among the various age groups they studied, 
although infants were not included in their se- 
ries. In the present study, the RV/Ao systolic 
pressure ratio produced by the pulmonary an- 
nulus and peripheral vascular bed one month 
after operation was lowest in the infant group 
and increased with age even when the CSAI was 
the same. This finding indicates that postopera- 
tive development of the pulmonary artery, in- 
cluding the right ventricular outflow tract and 
pulmonary vascular bed, is best in infants and 
worsens with aging. 

The incidence and severity of pulmonary in- 
sufficiency after complete repair of tetralogy of 
Fallot depend upon the presence or absence of 
an outflow patch and its size. It is generally 
accepted that pulmonary insufficiency is fre- 
quently elicited in patients with application of 
an outflow patch [6, 10]. In the present study, 
when an outflow patch was not applied, the 
pulmonary valve was competent in all but 1 pa- 
tient with severe pulmonary hypertension, even 
though a diastolic murmur was present in the 
pulmonary area and the ratio of the pulmonary 
artery pulse pressure to systolic pressure ex- 
ceeded the normal range [1]. On the other 
hand, even when an outflow patch was used, 
pulmonary regurgitation was negligible in pa- 
tients with a CSAI of less than 2.6 cm?/m?. Thus, 
we are convinced that the pulmonary annulus 
has to be enlarged so that the CSAI is in the 
range of 1.75 to 2.6 cm?lm? when an outflow 
patch is used. 

In conclusion, we wish to emphasize that 


complete repair for symptomatic patients, even 
infants, should be performed when the PA/Ao 
diameter ratio is above 0.3. For patients in 
whom this ratio is less than 0.3, the procedure 
should be done when the average diameter 
index of the main arterial pathway to the right 
upper lobe is over 4 mm/m’, even though post- 
operative pulmonary hypertension may be elic- 
ited. The pulmonary annulus or right ventricu- 
lar outflow tract should be enlarged so as to 
produce a CSAI over 1.75 cm?/m* in patients — 
with a BSA of less than 0.6 m°. 
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information for patients undergoing counter- 
pulsation therapy, and explains the operation 
of all Avco IABP instruments. 
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Evaluation of Regional Myocardial 


Nutrient Perfusion Followin 


Selective 


Retrograde Arterialization of the Coronary Vein 


Glen R. Rhodes, M.D., Donald C. Syracuse, M.D., 


and Charles L. McIntosh, M.D., Ph.D. 


ABSTRACT The effects of selective coronary vein 
occlusion (SCVO) and selective retrograde arterial- 
ization of the coronary vein (SRACV) on nutritional 
myocardial blood flow was evaluated in 10 dogs with 
radioactive microspheres. SRACV was performed 
with a shunt interposed between the aorta and the 
great cardiac vein (GCV). Following ligation of the 
GCV, méasurements were performed before and after 
ligation of the middle portion of the left anterior 
descending coronary artery (LAD) and then after 15 
and 30 minutes of SRACV. The myocardium was 
divided into three regions: circumflex coronary artery 
(served as control), high LAD (proximal to arterial 
occlusion; supplied by both SRACV and coronary 
flow), and low LAD (distal to arterial occlusion; 
supplied by SRACV alone). 

SCVO decreased mean myocardial blood flow with 
increased distribution to the endocardium. SRACV to 
normally perfused myocardium did not significantly 
change myocardial blood flow; however, SRACV to 
acutely ischemic myocardium restored less than 5096 
of the decrease in myocardial blood flow. SRACV 
does not appear to greatly enhance blood flow to 
ischemic areas of the myocardium and may signifi- 
cantly reduce flow on the basis of venous occlusion 
alone. 


Arterialization of the coronary venous system for 
atherosclerotic coronary vascular disease was 
developed by Beck and Leighninger [1, 2] in the 
1940s, but mortality rates ranging from 29 to 3896 
[2, 7] and the advent of direct coronary artery 
bypass techniques hastened the abandonment of 
the procedure. Interest has again developed in 
 arterialization of the coronary venous system [4, 
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11] in patients with coronary artery disease too 
extensive for bypass grafting. These recent in- 
vestigations have employed selective retrograde 
arterialization of a coronary vein (SRACV) rather 
than global arterialization through the coronary 
sinus (Beck II operation) as a means of offering 
ischemic protection to specific regions of jeopar- 
dized myocardium. 

Increased blood flow or ischemic protection 
afforded. by SRACV has been indirectly deter- 
mined by measurement of differential oxygen. 
tensions [3, 9], by iodine 131-aggregated albu- 
min localization [3, 11], and by epicardial S-T 
segment change [4]. Direct flowmeter [3, 4, 9] 
and radioisotope measurements [14] of total 
blood flow supplied through the anastomosis of 
internal mammary arteries to the great cardiac 
vein (GCV) have also been reported; however, 
these studies have not determined the regional 
distribution of nutrient blood flow, that is, blood 
actually reaching the capillaries during ret- 


rograde perfusion. 


This study compares the changes in regional 
myocardial blood flow in the left anterior de- 
scending coronary artery (LAD) and circumflex 
coronary artery (CCA) following (1) GCV liga- 
tion, (2) GCV and LAD ligation, and (3) GCV 
retrograde arterial perfusion and LAD ligation 
for 15- and 30-minute periods. 


Methods 

Anesthesia was induced in 10 American fox- 
hounds (each weighing 22 to 25 kg) with in- 
travenous sodium thiamyl (20 to 25 mg per kilo- 
gram of body weight) and maintained by 
mechanical ventilation with a halothane-oxygen 
mixture. A left thoracotomy was performed. Tef- 
lon catheters were placed in both femoral arteries 
for withdrawal of reference blood samples and 
measurement of arterial blood pressure. A Tef- 
lon catheter was placed in the left atrium for 
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injection of radioactive microspheres and pres- 
sure measurements. The GCV was dissected for 
a distance of 2 cm from the bifurcation of the LAD 
and CCA toward the coronary sinus (Fig 1). An 
initial dose of heparin (300 units/kg) was given 
intravenously and repeated every 112 hours. A 
polyethylene shunt (internal diameter, 3.5 mm) 
` was interposed between the transverse aortic 
arch through the left subclavian artery and the 
GCV, which had been ligated proximally. The 
shunt could be occluded by compression of a 
central flexible rubber section. A 20-gauge short 
Teflon catheter was inserted through the rubber 
to measure shunt pressure. À snare was placed 
around the midportion of the LAD. 

Regional myocardial blood flow was estimated 
by radioactive microspheres* (15 + 5 yw) labeled 
with strontium 85, scandium 46, cerium 141, and 


*Minnesota Mining and Manufacturing Company, Min- 
neapolis, MN. 


Fig 1. The experimental model. 


niobium 95, which were injected into the left 
atrium in quantities sufficient to produce at least - 
400 microspheres [5] in each tissue sample (about 
400,000 to 2,000,000 spheres per injection). A 20 
ml per minute arterial withdrawal, begun just 
prior to injection and continued for 1 minute, 
provided a reference sample. Following the four 
microsphere injections the dog was killed, and a 
section of myocardium clearly within the dis- 
tribution of the LAD and including the anterior 
papillary muscle was removed and subdivided 
into muscle above the LAD ligature (high 
myocardium) and below the ligature (low 
myocardium). These sections were compared 
with a segment of myocardium clearly within the - 
distribution of the CCA. The sections were sliced 
into equal thirds by weight representing 
endocardium, myocardium, and epicardium. 
These subsections along with reference samples 
were counted using a sodium iodide crystal 
scintillation counter. Overlaps of photo peaks 
in the same tissue specimen were corrected by 
the method of Rudolph and Heyman [12] with 
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a computer program. The blood flow for sub- 
epicardium and subendocardium and all three 
layers (mean blood flow) was expressed in mil- 
liliters per gram of tissue per minute. Baseline 
measurements of regional blood flow without 
operative intervention were not performed be- 


cause previous experience had demonstrated 


that under resting conditions, CCA/LAD mean 
flow and subendocardial/subepicardial flow ra- 
tios were between 1.0 and 1.1 [8, 10]. Statistical 
analysis was performed using the paired ¢ test. 
Data are reported as mean + standard error 
about the mean. 

Measurements were obtained during four 
periods: control: shunt closed and GCV ligated; 
mid-LAD occlusion: shunt closed, GCV ligated, 
and LAD occluded; and retrograde perfusion: 
LAD occluded and shunt open for 15 and 30 
minutes, respectively. 


Results 

Mean arterial and left atrial pressures and heart 
rate (Fig 2) did not change significantly through- 
out the study (p > 0.05). Following GCV ligation, 
mean venous pressure in the occluded venous 
system was 22 + 6 mm Hg (Table). After the 


Fig 2, Summary of hemodynamic observations. 


MEAN ARTERIAL PRESSURE 






midportion of the LAD was ligated, the pressure 
remained unchanged at 21 + 5 mm Hg. During 
retrograde perfusion of the GCV, the shunt pres- 
sure remained essentially equal to systemic arte- 
rial pressure. All shunts were examined at ter- 
mination of the study and judged to be without 
evidence of thrombotic occlusion. 

Flow to regions supplied by the CCA was un- 
affected by GCV ligation, mid-LAD occlusion, or 
retrograde perfusion (Table, Fig 3). Flow to the 
high LAD region decreased by 22% (p < 0.05) in 
comparison with CCA flow following GCV liga- 
tion and remained otherwise unchanged by 
mid-LAD occlusion or retrograde perfusion. 
Flow to the low LAD region was only 58% (p < 
0.025) of CCA flow following GCV ligation and 
was only 22% (p < 0.025) of CCA flow when the 
mid-LAD was ligated. Fifteen and 30 minutes of 
SRACV restored only 47% and 37%, respec- 
tively, of the decrease in flow to low LADCA 
myocardium. These increases in flow were not 
statistically significant. Throughout the period of 
SRACV, mean myocardial blood flow in low 
LAD myocardium was significantly less (p < 
0.025) than CCA or high LAD regional flows. 

The distribution of blood flow in control CCA 
myocardium followed the normal pattern [8, 12] 
of endocardial flow slightly greater than epicar- 
dial flow during all but the last measurement 
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Summary of Regional Myocardial Blood Flow 





Blood Flow (ml/gm tissue/min) 


Retrograde 
Perfusion 
for 15 Min 


0.66 + 0.23 

0.76 + 0.28 

0.70 + 0.26 
(1.15) 


0.49 + 0.19 

0.60 + 0.20 

0.55 + 0.20 
(1.22) 


0.24 + 0.09 

0.30 + 0.20 

0.26 + 0.14 
(1.25) 


SHUNT PRESSURES (mm. Hg) 


Mid-LAD 
Region Control Occlusion 
Control CCA f 
EP 0.75 + 0.30 0.71 + 0.30 
EN 0.76 + 0.30 0.79 + 0.33 
Mean 0.75 + 0.30 0.75 + 0.30 
(1.01) (1.11) 
High LAD 
EP 0.53 + 0.20 0.51 + 0.20 
EN 0.62 + 0.20 0.60 + 0.21 
Mean 0.58 + 0.20 0.57 + 0.20 
(1.17) (1.18) 
Low LAD 
EP 0.45 + 0.21 0.09 + 0.09 
EN 0.58 + 0.26 0.20 + 0.13 
Mean 0.44 + 0.11 0.11 + 0.07 
(1.29) (2.22) 
22 +6 21 $5 


Numbers in parentheses are endocardial/epicardial flow ratios. 


102 + 19 


Retrograde 
Perfusion 
for 30 Min 


0.71 + 0.24 

0.62 + 0.30 

0.70 + 0.21 
(0.87) 


0.56 + 0.20 | 

0.58 + 0.19 

0.58 + 0.20 
(1.04) 


0.20 + 0.09 

0.28 + 0.20 

0.23 + 0.12 
(0.140) 


100 + 20 


CCA = circumflex coronary artery; LAD = left anterior descending coronary artery; EP = subepicardium; EN = subendocar- 


dium. 
> REGIONAL MYOCARDIAL BLOOD FLOW 
d Q6 AFTER RETROGRADE PERFUSION OF 
5 tH THE CORONARY VEIN 
rE a3 
2 38 # 
Ó Ó <6 
1.0 | | S 2 
z x CONTROL 
o m ui &—4 CIRCUMFLEX 
Ae: | MYOCARDIUM 
É | } | 
2 "HIGH" LAD 
iz 5H | © 9—? MYOCARDIUM 
G a 1 
35 i 
o2, "LOW" LAD 
ZE MYOCARDIUM 
4 8 2 l 
Ss 2 
| | 
o 1 15 30 
minutes 


Fig 3. Summary of changes in mean myocardial blood flow. 
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control CCA myocardium with that of high LAD myocar- 
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period. The endocardial/epicardial flow ratios 
did not significantly change during the study in 
either CCA or high LAD myocardium (Table, Fig 
4). The endocardialepicardial ratios were not 
significantly different when CCA myocardium 
was compared with high LAD myocardium, al- 
though endocardial flow was slightly favored in 
both high and low LAD regions affected by GCV 
ligation (Table, Figs 4, 5). The endocardial/ 
epicardial ratio was significantly increased in low 
LAD myocardium in comparison with that in 
CCA myocardium following mid-LAD occlusion 
(Table, Fig 5). The ratio returned to control levels 
in low LAD myocardium following SRACV. 


Comment 


Our stucies were intended to investigate the re- 
gional distribution of nutritional myocardial 
blood flow as reflected in the trapping of 15 + 5 
p radioactive microspheres at the capillary level. 
Occlusion of the GCV caused a mean decrease of 
3396 in flow to regions supplied by the LAD. It 
may be that increased resistance of the capillary 
bed secondary to coronary venous hypertension 
and myocardial edema [14] contributed to the 
decreased arterial flow following GCV ligation. 
As expected, occlusion of both venous return 
and arterial supply (low LAD region) allowed 
negligible capillary flow and most likely re- 
flected the extent of collateral blood supply [13]. 

Retrograde arterialization to myocardium with 
normal arterial inflow (high LAD myocardium) 
did not significantly change myocardial flow. 
The fact that capillary flow did not increase over 
levels with venous occlusion alone suggests that 
SRACV perfusion to a region already receiving 
arterial inflow may compete with the native arte- 
rial supply [6]. It is interesting to speculate that 
microinfarctions following retrograde arterializa- 
tion [6] may reflect the extent of such a competi- 
tion. 

Retrograde arterialization to myocardium with 
occluded arterial inflow (low LAD myocardium) 
restored less than 5096 of the decrease in flow 
which had occurred following mid-LAD ligation. 
Yet the increased flow was not statistically signif- 
icant (p > 0.05). Whether a relatively small in- 
crease in capillary flow can alter the course of 
jeopardized myocardium remains an open ques- 
tion. 


The changes in mean flow associated with 
either SRACV or GCV ligation were accom- 
panied by redistribution of flow to the suben- 
docardium. This redistribution of flow, reflected 
in increases in the subendocardial/epicardial 
flow ratio, was most marked in low LAD 
myocardium following mid-LAD ligation. We 
have no explanation for the increases in 
endocardial/epicardial flow ratios detected dur- 
ing periods of decreased mean myocardial flow; 
however, a similar redistribution of flow in favor 
of the subendocardium has been measured fol- 
lowing ligation of the coronary sinus.* Ligation 
of the coronary venous system may possibly 
open subendocardial collateral channels which 
allow relatively greater subendocardial flow. 

On the basis of our findings, SRACV does not 
appear to acutely enhance blood flow to poorly 
perfused myocardium and may significantly re- 
duce blood flow on the basis of venous occlusion 
alone. Late evaluation of nutrient myocardial 
blood flow and distribution in animals which 
have undergone chronic arterialization of the 
coronary vein may reveal the lasting benefits, if 
any, of this myocardial revascularization proce- 
dure. 

The experiments described here may repre- 
sent a "worst possible" case for retrograde ar- 
terialization in that arterial outflow through 
coronary arteries is prevented by ligation; never- 
theless, it is not unreasonable to suggest that in 
the clinical cases for which this procedure is in- 
tended, namely, patients with diffuse coronary 
disease, coronary vascular resistance may be 
high secondary to diffuse proximal coronary ar- 
tery obstructions, with minimal runoff of blood 
into the aorta. The initial clinical success of ret- 
rograde arterialization would seem to depend on 
factors difficult to reproduce experimentally, 
such as the extent of developed collateral circula- 
tion and the effects of proximal coronary ob- 
struction in protecting retrograde flow from 
competition with native antegrade flow. These 
experiments were not intended to represent a 
conclusive evaluation of the efficacy of this pro- 
cedure but rather to provide a physiological basis 
to explain previous experimental and possible 
future clinical failures of the procedure. 


*Syracuse DC, Larrieu AJ: Unpublished experiments, 1975— 
76. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-fifth Annual Meeting of the South- 
ern Thoracic Surgical Association will be held at 
the Marco Beach Hotel, Marco Island, FL, on 
Nov 2-4, 1978. Please note the changes both in 
meeting site, initially given as Bermuda, and in 
date, originally scheduled for Nov 9—11, 1978. 
There will be a $100 registration fee for non- 
member physicians except for guest speakers, 
authors and coauthors on the program, and resi- 
dents. 

Members wishing to participate in the scien- 
tific program should submit abstracts in tripli- 
cate, by June 1, 1978, to Harvey W. Bender, Jr., 
M.D., Department of Surgery, Vanderbilt Uni- 
versity, Nashville, TN 37203. Abstracts should 


be double-spaced on one side of one sheet of 
paper, with a 1-inch left margin, and limited to 
200 words. All slides used during the presenta- 
tion must be 35 mm. The abstract must list a 
member as coauthor. Manuscripts of accepted 
papers must be submitted to The Annals of 
Thoracic Surgery by Oct 15, 1978. 

Applications for membership should be com- 
pleted by Sept 1, 1978, and forwarded to Ronald 
F. Galloway, M.D., 1467 HarperSt, Augusta, GA 
30902. | 


]. Kent Trinkle, M.D. 
Secretary- Treasurer 


Left Ventricular Ane 


sm Resection: 


Indications and Long-Term Follow-Up 


Richard C. Shaw, M.D., Thomas B. Ferguson, M.D. , Clarence S. eon, M.D., 


and Jobi P. ers M. D. 


ABSTRACT Forty-four patients had resection of a 
. chronic postinfarction left ventricular aneurysm. 
Operative indications were heart failure, angina, and 
ventricular arrhythmias. Twenty-six patients (5996) 


had coronary grafting in addition to aneurysmec- - 


tomy. The operative mortality rate was 4.596 (2/44), 
and late mortality (mean follow-up, 31 months) was 
17.9% (7/39). Preoperatively all patients were in New 
York Heart Association Functional Class III or IV; 
91% were Class I or II postoperatively. 

Coronary bypass grafting did not increase the 
operative mortality rate, and long-term survival was 
similar between those receiving coronary grafts and 
those not receiving grafts. Postoperative ventriculo- 
grams were evaluated in 10 patients by means of a 
system of internal grids. Amount of regional myocar- 
dial contraction correlated well with the patient's 
postoperative functional capacity. Itis concluded that 
ventricular aneurysmectomy in combination with 
coronary bypass grafting is safe and effective, re- 
sulting in marked improvement in the patients’ 
functional capacity and longevity. | | 


The surgical treatment of ischemic heart disease 
now involves not only treatment of the underly- 
ing coronary artery lesions but also management 
of the complications of completed myocardial 
infarction such as mitral valve dysfunction, 
acquired interventricular septal defect, and 
symptomatic aneurysm of the left ventricle. Re- 
section of a chronic postinfarction left ventricu- 
lar aneurysm alone or in combination with other 
procedures dictated by the extent of the ischemic 
disease has become a safe procedure which 
effectively alleviates symptoms and greatly im- 
proves long-term survival. Here we review our 


From the Division of Cardiovascular Surgery, Washington 
University School. of Medicine, St. Louis, MO. 


Presented at the Twenty-fourth Annual Meeting of the 
Southern Thoracic Surgical Association, Nov 3-5, 1977, 
Marco Island, FL. 


Address reprint requests to Dr. Shaw, Division of Car- 


diovascular Surgery, Washington University School of 


Medicine, 4960 Audubon, St. Louis, MO 63110. 


experience with ventricular aneurysmectomy, 
outlining operative indications and presenting 
long-term follow-up of this group of patients. 


Materials and Methods 


Forty-four patients had resection of a chronic 
postinfarction left ventricular aneurysm be- 
tween June, 1969, and April, 1977. There were 36 
men aged 23 to 76 years (mean, 56) and 8 women 
aged 26 to 71 years (mean, 51). Indications for 
operation were congestive heart failure with or 
without angina in 35 (79.596), angina alone in 4 
(9.196), and ventricular arrhythmias unrespon- 
sive to medical management in 5 (11.4%). 
Twenty-six patients (5996) had from one to three 
coronary bypass grafts in addition to the 
aneurysm resection; 1 of these also had mitral 
valve replacement. Two other patients had clo- 
sure of an acquired ventricular septal defect at 
the time of aneurysm resection. The remaining 
16 patients underwent aneurysmectomy alone. 
Forty-one of the aneurysms were located in the 
anterior or anteroapical portion of the left ventri- 
cle, and 3 were posterior. Ten patients in this 
series had repeat cardiac catheterization and left 
ventriculography from 1 to 17 months following 
operation. Measurements of left ventricular 
end-diastolic pressure, ejection fraction, and 
end-diastolic volume were made, and endocar- 
dial motion was analyzed using a system of 
internal grids. Congestive heart failure was the 
major operative indication in nearly 8096 of the 
patients in this series, all of whom were judged 
preoperatively to bein New York Heart Associa- 
tion (NYHA) Functional Class III or IV. The re- 
maining patients had either severely limiting 
angina er truly life-threatening ventricular ar- 
rhythmias in the form of recurring episodes of 
ventricular tachycardia requiring electrical car- 
dioversion and not suppressible with multipie 
drug therapy. 

Over the past few years we have resected ven- 
tricular aneurysms using total cardiopulmonary 
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bypass with moderate hypothermia (28° to 
30°C). Topical myocardial cooling with a con- 
tinuous infusion of 4°C lactated Ringer’s solu- 
tion into the pericardial cavity and, more re- 
cently, coronary perfusion with a cold (4°C) 
cardioplegic solution containing glucose, insu- 
lin, potassium, and lidocaine were added to the 
regimen. The aorta was cross-clamped prior to 
manipulation of the aneurysm to prevent em- 
bolization, and the cross-clamp remained in 
place throughout the procedure. The pericardial 
adhesions were dissected, care being taken not 
to injure the myocardium or coronary arteries. 
An incision was made in the center of the 
aneurysm and the ventricle was carefully 
emptied of blood, with care not to dislodge the 
mural thrombus. The intraventricular margins 
of the aneurysm were usually obvious grossly, 
and the scar was resected to within approxi- 
mately 1 cm of the myocardial margin. Infarct 
extending into the interventricular septum was 
usually not excised. The defect in the ventricle 
was then closed with interrupted mattress su- 
tures of 0 Tevdek reinforced on the epicardial 
surfaces with large Teflon-felt pledgets. A ven- 
tricular vent was then placed either through the 
suture line or through a pursestring suture in the 
right superior pulmonary vein. All distal coro- 
nary anastomoses were completed where indi- 
cated. Air was aspirated from the ventricle and 
aortic root, and the cross-clamp was removed. 
The proximal coronary graft anastomoses were 
made to the aorta during rewarming. The ven- 
tricular suture line was carefully examined for 
hemostasis with the heart beating prior to dis- 
continuance of cardiopulmonary bypass. 


Results 


The operative mortality rate in this series was 
4.596 (2/44). Of the 42 survivors, 39 (9396) were 
available for follow-up for 1 to 100 months 
(mean, 31 months). There were 7 late deaths 
(17.9%) occurring at 1, 2, 3, 3, 3, 6, and 66 
months postoperatively. Each of the late deaths 
was related to myocardial ischemia in the form 
of either persistent congestive heart failure or a 
new myocardial infarction. The patients’ post- 
operative functional capacity was markedly im- 
proved (Table). Of the 32 followed long-term 
survivors, 16 achieved Functional Class I, 13 


NYHA Classification Before and After Operation 


Preoperative 
(44 patients) 


Postoperative 


Functional Class (32 survivors) 


I 16 
II 13 
III 29 3 
IV 15 





| E death 
( 3.8%) 


26 with CABG 
(59%) 
4 ms deoths 
(15.4%) 


44 Total patients 


\ 


Fig 1. Mortality rates related to operation performed. 


| early death 


[B without CABG ( 5.6%) 


(41%) 
3 n. deaths 


(16.7%) 


reached Class II, and only 3 remained in Class 
HI. Ten patients have now been followed for four 
years or more with only 1 late death. Of the 18 
patients (41%) not having concomitant coronary 
artery bypass grafting, 1 died at operation 
(5.6%) and 3 died late (16.7%). Of the 26 patients 
(59.1%) who had from one to three coronary 
grafts at the time of aneurysm resection, 1 died at 
operation (3.8%) and 4 died late (15.4%) (Fig 1). 
Age was not a factor in determining either sur- 
vival or functional result. Among the patients 
aged 60 years or over there was only 1 operative 
death and no late deaths (Fig 2). 

Correlation was poor between functional clin- 
ical result and ejection fraction determined from 
postoperative left ventriculography (r = —0.581). 
Preoperative left ventricular end-diastolic pres- 
sure (LVEDP) did not accurately predict opera- 
tive results, and postoperative LVEDP remained 
greater than 15 mm Hg in all but 2 patients 
studied. Postoperative end-diastolic volumes 
(EDV), determined using the Dodge model for 
analyzing single-frame ventriculograms, were 
markedly increased over normal to a mean of 328 
cc (range, 116 to 635 cc). There was poor correla- 
tion between the postoperative EDV and the 
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Fig 2. Age distribution for the entire series, with early 
and late death by age group. 


patients’ clinical status (r = 0.394). Analysis of 
endocardial motion using a system of internal 
grids demonstrated good correlation between 
normal amounts (30%) of shortening of grid 
lines with systole and the patients’ functional 
clinical status postoperatively (r = 0.759) [10]. 


Comment 

The diagnosis of chronic postinfarction an- 
eurysm is best made by means of biplane 
cineventriculography [1], although the operative 
findings of pericardial adhesions, a markedly 
thinned ventricular wall, and paradoxical mo- 
tion assist in confirming the diagnosis and in 
accurately localizing the aneurysm [7]. In addi- 
tion to heart failure, systemic embolization, and 
life-threatening ventricular arrhythmias, angina 
without heart failure is being recognized more 
frequently as an operative indication [1]. Two 
factors are responsible for the development 
of angina in the presence of a ventricular 
aneurysm. First, the majority of these individu- 
als have obstructing lesions in the coronary cir- 
culation remote from the aneurysm. The dis- 
tribution of such lesions has been documented 
[3, 4, 11], and their contribution to operative and 
late mortality has been suggested [2]. Second, if 
the aneurysm involves 2596 or more of the nor- 
mal left ventricular surface area, stroke volume 
cannot be maintained by increased fiber short- 
ening in the uninvolved myocardium unless 
the diastolic volume is increased. With dilata- 
tion of the ventricle, the wall tension necessary 
to generate the same intraventricular pressure 
must increase according to the law of Laplace. 


LONG-TERM SURVIVORS 


NE 
RBS8889 LATE DEATH 


EARLY DEATH 














Augmented wall tension increases myocardial 
oxygen consumption, potentially upsetting the 
balance of metabolic supply and demand—a 
situation further unfavorably influenced by 
obstructing atherosclerotic lesions in the coro- 
nary arteries [5, 6]. 

Asymptomatic ventricular aneurysms proba- 
bly need not be resected. However, comparison 
of the natural history of the symptomatic ven- 
tricular aneurysm with operative results dictates 
an aggressive surgical approach to aneurysms 
accompanied by the previously mentioned 
symptoms. In this series, angina was present in 
more than 50% of the patients, but the dominant 
clinical manifestation of the aneurysm and indi- 
cation for operation was congestive heart fail- 
ure. All patients in this series were categorized 
in NYHA Functional Class III or IV preopera- 
tively. Attempts have been made to identify pa- 
tients with unacceptably high operative risk by 
correlating operative mortality rates with dis- 
tribution of coronary lesions [2] and with ven- 
tricular septal motion [8]. In our experience, 
neither these factors nor aneurysm size were 
determinants of operative results, and the only 
patients not offered operation were those with 
global ventricular dysfunction. 

In addition to the low operative mortality rate 
of 4.5% in this series, longevity was markedly 
improved following aneurysm resection. An 
early study of the natural history of unoperated 
ventricular aneurysms revealed a 1296 five-year 
survival [9]. A more recent review of medically 
treated chronic postinfarction aneurysms re- 
veals that even with improved diagnosis and 
conservative management, ten-year survival is 
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24%.* Thirty-nine (93%) of the operative sur- 
vivors in this series have been followed for an 
average of 31 months with a mean survival rate 
of 82% (32 patients). Ten patients have now 
been followed for more than four years with only 
1 late death. 

Improvements in operating technique, in- 
traoperative myocardial preservation, and 
perioperative support make a unified approach 
to ischemic heart disease with correction of all 
lesions at one operation safe and effective. It has 
been our policy at the time of aneurysm resec- 
tion to bypass all coronary lesions obstructing 
by 50% or more. The addition of coronary 
bypass grafting to aneurysm resection does not 
increase operative mortality. Indeed, the similar 
operative and long-term survival rates between 
those receiving grafts where needed for 
obstructing lesions and those not receiving 
grafts because of normal coronary supply to the 
functioning myocardium suggest a benefit from 
revascularization when indicated. The relief of 
angina pectoris in our series has not been uni- 
form, with 11 patients continuing to have angina 
postoperatively (6 with and 5 without coronary 
bypass grafts). The chest discomfort has not 
been disabling in any of these patients and has 
responded in every case to occasional nitro- 
glycerin therapy. 

Follow-up evaluation of patients undergoing 
aneurysmectomy for life-threatening ventricular 
arrhythmias indicates that a combination of 
operative and continued medical management 
is required in order to control this complica- 
tion. Twenty-four-hour continuous ambula- 
tory (Holter) monitoring postoperatively has 
documented eradication of ventricular tachy- 
cardia in our patients. However, continued use 
of antiarrhythmic drugs is often necessary post- 
operatively to suppress ventricular ectopic beats. 

The benefit to the patient in terms of improved 
functional capacity following aneurysm resec- 
tion was excellent. Among the 32 long-term sur- 
vivors, 29 (91%) have achieved Functional Class 
I or II, with many of the patients returning to 
regular work. An attempt was made to examine 
the beneficial effects on the patients’ functional 
status from an objective point of view. Ten pa- 
tients with varying clinical results had repeat 
cardiac catheterization from 1 to 17 months 


*Proudfit W: Personal communication, 1977. 


postoperatively. LVEDP was neither an accurate 
predictor of operative results nor a reflection of 
the postoperative functional status of the indi- 
vidual patient. Postoperative end-diastolic vol- 
ume remained markedly above normal and was 
not indicative of the patients’ functional status. 
The indicator that correlated best with the pa- 
tient’s postoperative functional class rating was 
the measurement of internal grid shortening. 
This measurement indicates the extent of re- 
gional myocardial contraction and provides a 
means of objectively assessing the left ventricle 
after aneurysmectomy [11]. 

In summary, a unified approach to the prob- 
lem of ischemic heart disease and the complica- 
tions of myocardial infarction is feasible. Ven- 
tricular aneurysmectomy with coronary graft- 
ing where indicated is safe and effective, and 
marked improvement in functional capacity and 
longevity can be expected. 


References 


1. Baron MG: Post-infarction aneurysm of the left 
ventricle. Circulation 43:762, 1971 

2. Brawley RK, Schaff H, Stevens R, et al: Influence 
of coronary anatomy on survival following resec- 
tion of left ventricular aneurysms and chronic in- 
farcts. J Thorac Cardiovasc Surg 73:120, 1977 

3. Davis RW, Ebert PA: Ventricular aneurysm, a 
clinical-pathologic correlation. Am J Cardiol29:1, 
1972 

4. HunyorSN, Bernstein L, Richmond D, et al: Ven- 
tricular aneurysm—clinical features and place of 
surgical repair. Aust NZ J Med 3:239, 1971 

5. Kitamura $S, Echevarria M, Kay JH, et al: Left 
ventricular performance before and after removal 
of the noncontractile area of the left ventricle and 
revascularization of the myocardium. Circulation 
45:1005, 1972 

6. Loop FD: Ventricular aneurysmectomy. Surg Clin 
North Am 51:1071, 1971 

7. Moran JM, Scanlon P], Nemickas R, et al: Sur- 
gical treatment of post-infarction ventricular 
aneurysm. Ann Thorac Surg 21:107, 1976 

8. Mullen DC, Posey L, Gabriel R, et al: Prognostic 
considerations in the management of left ven- 
tricular aneurysms.-Ann Thorac Surg 23:455, 1977 

9. Schlichter], Hellerstein HK, Katz LN: Aneurysms 
of the heart: correlative study of 102 proved cases. 
Medicine 33:43, 1954 

10. Shaw RC, Connors JP, Hieb BR, et al: Postopera- 
tive investigation of left ventricular aneurysm re- 
section. Circulation 56:Part 2:7, 1977 
11. Stoney WS, Alford WC, Burrus GR, et al: Repair of 

anteroseptal ventricular aneurysm. Ann Thorac 
Surg 15:394, 1973 


The Effect of Glucagon in 


Animals on Chronic Propranolol Therapy 


Alan Peterson, M.D., Benedict Lucchesi, M.D., Ph.D., and Marvin M. Kirsh, M.D. 


ABSTRACT Eleven adult mongrel dogs were di- 
vided into two groups. Group 1 animals served as 
controls and Group 2 received propranolol (6 mg/kg/ 
day) orally in divided doses for 15 to 21 days. Prior to 
cardiopulmonary bypass, cardiac output, first deriva- 
tive of left ventricular pressure (dp/dt), peak systolic 
pressure, heart rate, and central venous pressure were 
recorded. The animals were then placed on car- 
diopulmonary bypass and subjected to 30 minutes of 
global ischemia at the myocardial temperature of 
32°C. 

Following cessation of cardiopulmonary bypass 
the baseline studies were repeated. In Group 2 ani- 
mals following the repeat studies, glucagon was ad- 
ministered at a rate of 0.13 wg/kg/min. The cardiac 
index and dp/dt were decreased by 43.3% (p < 0.001) 
and 40.5% (p < 0.001) in comparison to Group 1 
animals. In Group 2 dogs, after bypass and glucagon 
infusion, cardiac index increased by 38% (p < 0.02), 
dp/dt rose by 78% (p < 0.05), and peak systolic pres- 
sure increased by 24.8% (p < 0.05). 

These studies show the benefit of glucagon in the 
treatment of low cardiac output in the presence of 
beta-adrenergic blockade. 


The beta-adrenergic blocking agent propranolol 
is widely used in the treatment of patients with 
ischemic coronary artery disease. In 1972 Viljoen 
and associates [12] described 5 patients who had 
been receiving chronic propranolol therapy and 
who failed to survive a coronary artery bypass 
operation. Propranolol was implicated as the 
cause of postoperative cardiac failure and death. 
On the basis of that report the authors recom- 
mended that propranolol be withheld for two 
weeks before operation to make certain the drug 
or any of its metabolites had been eliminated. 
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More recent studies have shown that with- 
drawal of propranolol 24 to 48 hours preopera- 
tively results in normal beta-adrenergic receptor 
function at time of cardiac operation [3, 4, 10]. 
However, it may not always be possible to dis- 
continue propranolol prior to operation since 
some patients may require emergency operation 
or develop adverse cardiovascular sequelae after 
its discontinuance [1, 7-9]. Glucagon has been 
shown effective in low cardiac output states 
[5, 6]. The present experiment was done to eva- 
luate the use of glucagon in animals with beta- 
adrenergic blockade that were subjected to car- 
diopulmonary bypass and myocardial hypoxia. 


Methods 
Eleven adult mongrel dogs weighing between 20 
and 25 kg were randomly divided into two 
groups. Group 1 (N — 5) served as controls while 
Group 2 (N = 6) animals received propranolol, 6 
mg per kilogram of body weight, orally in di- 
vided doses for 15 to 21 days. Group 2 animals 
received their final dose of propranolol one hour 
prior to operation. Animals in both groups were 
anesthetized intravenously with urethane (400 
mg/kg) and chloralose (40 mg/kg) and were 
mechanically ventilated with room air through a 
cuffed endotracheal tube. A left common carotid 
artery catheter was placed for continuous sys- 
temic arterial pressure monitoring. A Swan- 
Ganz catheter was positioned in the pulmonary 
artery by way of the right femoral vein for car- 
diac output determination. After sternotomy 
and prior to the institution of cardiopulmonary 
bypass, a left ventricular catheter was inserted 
into the apex of the left ventricle to measure the 
first derivative of the left ventricular pressure 
curve (dp/dt) and ventricular pressure. A small- 
bore polyethylene catheter was introduced into 
the left atrial appendage for continuous left atrial 
pressure measurement. Cardiac output was de- 
termined by the thermodilution technique. 
Baseline cardiac output, peak systolic pres- 
sure, and left ventricular dp/dt were obtained at 
left atrial pressures of 5, 10, and 15 mm Hg. 
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Blood was infused from the oxygenator until the 
desired left atrial pressure was achieved. All 
animals were then placed on total cardiopulmo- 
nary bypass with the use of a Sarns roller pump 
and a disposable Bentley pediatric bubble 
oxygenator with an integral heat exchanger. The 
oxygenator was primed with an equal mixture of 
whole blood and lactated Ringer’s solution. The 
animals were cooled to a myocardial tempera- 
ture of 32°C and then subjected to 30 minutes of 
global ischemia. During the period of aortic 
cross-clamping the left ventricle was vented to 
maintain the left ventricular end-diastolic pres- 
sure at4 mm Hg or less. Following the period of 
ischemia, the animals were rewarmed to 37°C 
and rested for 30 minutes. After cardiopulmo- 
nary bypass was discontinued the animals were 
allowed to recover for an additional 15 minutes. 
The baseline studies were then repeated at left 
atrial pressures of 5, 10, and 15 mm Hg. Again 
blood was infused from the oxygenator until the 
desired left atrial pressure was achieved. Ani- 
mals in both groups then received isoproterenol 
at 0.01, 0.02, 0.04, 0.08, and 0.16 wg/kg/min as a 
continuous infusion. Isoproterenol was infused 
in Group 2 animals to show that there was still 
beta-adrenergic blockade. The baseline studies 
were again repeated, ata left atrial pressure of 10 
mm Hg. In Group 2 animals after the last infusion 
of isoproterenol, a second 15-minute period was 
alowed for stabilization and dissipation of the 
effect of isoproterenol. Group 2 animals then re- 
ceived glucagon (0.8 gkg) over 5 minutes, fol- 
lowed by continuous infusion of glucagon at 0.13 
pg/kg/min. The baseline studies were repeated 


Table 1. Hemodynamic Data—Controls (Group 1) 


at 5, 15, and 30 minutes during glucagon admin- 
istration at a left atrial pressure of 10 mm Hg. 
Data are presented as mean values for each 
group plus or minus the standard error of the 
mean (SEM). Statistical analyses were deter- 
mined by the Student t test between groups and 
the paired t test for comparison of prebypass and 
postbypass values in the same animals. 


Results 

Group 1 (Control) 

The physiological variables before and after car- 
diopulmonary bypass in the control animals at 
left atrial pressures of 5, 10, and 15 mm Hg are 
shown in Table 1. After cardiopulmonary 
bypass the cardiac index decreased at each left 
atrial pressure determination with the 
maximum decrease occurring at a left atrial pres- 
sure of 15 mm Hg (Fig 1). At this filling pressure 
the cardiac index decreased from a precar- 
diopulmonary bypass level of 4.92 + 0.29 L/m"*/ 
min to 3.07 + 0.41 following cardiopulmonary 
bypass (p « 0.05). At this same filling pressure 
the left ventricular dp/dt fell from a control value 
of 4,561 + 222 mm Hg/sec to 3,130 + 379 (p < 
0.01) following cardiopulmonary bypass (Fig 2). 
No significant variation from control values was 
seen in the peak systolic pressure. 

The effect of isoproterenol on the physiologi- 
cal variables after cardiopulmonary bypass in 
control animals at a left atrial pressure of 10 mm 
Hg are listed in Table 2. Infusion of isopro- 
terenol at 0.16 ug/kg/min produced an increase 
in the cardiac index of 55.896 above the postcar- 
diopulmonary values. The heart rate rose from a 


LAP 5 mm Hg LAP 10 mm Hg LAP 15 mm Hg 
Determination Prebypass Postbypass Prebypass Postbypass Prebypass Postby pass 
CI 2.26 + 1.91 + 3.56 t 2.53 + 4.92 + 3.07 + 
(L/m?/min) 0.34 0.24 0.24 0.35 0.29 0.41 
dp/dt 3,728 + 2,791 żŁ 4,210 + 3,2167 4,561 + 3,130 + 
(mm Hg/sec) 704 279 451 244 222 379 
PSP 137 + 139 + 159 t 168 + 168 + 170 + 
(mm Hg) 5 6 5 6 4 7 
HR 143 + 156 + 150 + 136 + 139 + 137 
(beats/min) 13 7 10 6 5 9 


LAP = left atrial pressure; CI — cardiac index; dpídt = first derivative of left ventricular pressure curve; PSP = peak systolic 


pressure; HR = heart rate. 
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Fig 1. Cardiac index before and after cardiopulmonary 
bypass. Solid line represents Group 1 (controls), the 
dashed line, Group 2 (propranolol). 
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Fig 2. The effect of cardiopulmonary bypass on left 
ventricular dpidt. 


baseline of 136 + 6 to 197 + 20 beats/min. The 
dp/dt rose from a preinfusion measure of 3,216 + 
244 to 6,280 + 678 mm Hg/sec after perfusion. No 
significant change was seen in the peak systolic 
pressure. At lower doses, isoproterenol showed 
the same trends, to a lesser degree (see Table 2). 


Group 2 (Propranolol) 


The physiological variables before and after car- 
diopulmonary bypass in the propranolol-treated 
animals at left atrial pressures of 10 and 15 mm 
Hg are shown in Table 3. Both prior to and after 
cardiopulmonary bypass the left atrial pressure 
was always 10 mm Hg or greater. At left atrial 
pressures of both 10 and 15 mm Hg prior to 
cardiopulmonary bypass, the cardiac index (1.88 
+ 0.11 and 2.79 + 0.16 Lim*/min) was signifi- 
cantly reduced when compared to that of the 
control animals (3.56 + 0.24 and 4.92 + 0.29 
L/m^/min; p « 0.001). Similarly, the left ventricu- 
lar dp/dt in propranolol-treated animals was de- 
creased by 39.196 (p « 0.05) and 40.596 (p « 
0.001) when compared to that of the control ani- 
mals at a left atrial pressure of 10 and 15 mm Hg, 
respectively. There was no significant difference 
between control animals and propranolol- 
treated animals in peak systolic pressure before 
cardiopulmonary bypass. 

There was a further but insignificant decrease 
in cardiac index and left ventricular dp/dt fol- 
lowing cardiopulmonary bypass. However, the 
peak systolic pressure decreased by 24.8 and 
33.096 at left atrial pressures of 10 and 15 mm Hg, 
respectively (p « 0.05). 

The effects of infusion of isoproterenol and 
glucagon in the propranolol-treated animals at a 
left atrial pressure of 10 mm Hg are listed in 
Tables 4 and 5 and in Figure 3. Infusions of iso- 
proterenol at 0.01, 0.02, 0.04, and 0.08 ug/kg/min 
failed to produce a significant increase in cardiac 
index, left ventricular dp/dt, and peak systolic 
pressure. Only isoproterenol infusion at the 


Table 2. Hemodynamic Effects of Isoproterenol—Controls (Group 1)? 


Determination Prebypass Postbypass 

CI 3.56 + 2:58. 
(L/m?/min) 0.23 0.35 

dp/dt 4,210 + 3,216 + 
(mm Hg/sec) 451 244 

, PSP 159 + 168 + 

(mm Hg) 5 6 

HR 150 + 136 + 
(beats/min) 10 6 


Isoproterenol Dose (ug/kg/min) 


0.01 0.02 0.04 0.08 0.16 

2.83 + Jakt 392 t 3.78 + 4.02 + 
0.32 0.5 0.71 0.69 0.66 

3,498 + 4,125 + 4,452 + 4,845 + 6,280 + 
417 544 519 .. 589 678 

170 + 174 + 178 + 174 + 173 Ł 
8 7 9 8 6 

149 + 156 t 166 + Io 197-35 
12 18 10 17 20 





* AII determinations made at a left atrial pressure of 10 mm Hg. 


Abbreviations same as for Table 1. 
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large dose of 0.16 ug/kg/min produced a signifi- 
cant rise (24.796 above baseline) in cardiac index 
and left ventricular dp/dt (78.196) above the 
postcardiopulmonary bypass baseline. 

The infusion of glucagon produced an in- 
crease in cardiac index of 37.996 (p < 0.02) above 


the postbypass baseline value (Fig 4). The left 
ventricular dp/dt rose significantly from the 
postcardiopulmonary baseline to 3,654 + 509 
mm Hg/sec (p « 0.05), representing a 77.5% 
increase (Fig 5). There was a gradual increase in 
the peak systolic pressure during the infusion of 


Table 3. Hemodynamic Data—Propranolol (Group 2) 


LAP 10 mm Hg LAP 15 mm Hg 
Determination Prebypass Postbypass Prebypass Postbypass 
CI 1.88 + 2.06 + 2.49 3b 2.65 t 
(L/m?/min) 0.11 0.15 0.16 0.23 
dp/dt 2,909 = 2,059 + 2,714 t 2,209 £ 
(mm Hg/sec) 390 191 254 126 
PSP 145 + 109 + 194 + 130 + 
(mm Hg) 11 6 12 8 
HR 23t 172 4 130 + 166 + 
(beats/min) 5 9 5 9 


Abbreviations same as for Table 1. 


Table 4. Hemodynamic Effects of Isoproterenol—Propranolol (Group 2) 





Isoproterenol Dose (ug/kg/min) 








Determination Prebypass Postbypass 0.01 0.02 0.04 0.08 0.16 
CI 1.88 + 2.06 + 2.06 + 2.10 4E 2.24 + 2.30 + 297 & 
(Lim*/min) 0.11 0.15 0.15 0.13 0.20 0.20 0.24 
dp/dt 2,565 + 2,099 F 2,0075 t  2,160t 2442+ 2,757+ 3,668 + 
(mm Hg/sec) 390 191 199 199 392 425 672 
PSP 145 + 109 + 107 + 110 + 114 + Pa Goes 122 + 
(mm Hg) 11 6 7 6 6 6 7 
HR DS IE 174 + 172 F 171 + 174 + 191 t 
(beats/min) 5 9 10 9 12 12 11 
* All determinations made at a left atrial pressure of 10 mm Hg. 
Abbreviations same as for Table 1. 
Table 5. Hemodynamic Response to Glucagon—Propranolol (Group 2)? 
Glucagon 
Determination Prebypass Postbypass 5 min 15 min 30 min 
CI 1.88 + 2.06 + 2.84 + RIEA 270 £ 
(Lim?/min) 0.11 0.15 0.26 0.28 0.26 
dp/dt 2,565 Ł 2,059 + 3,654 + 3017 £ 3,025 + 
(mm Hg/sec) 390 191 509 169 193 
PSP 145 + 109 + 128 E 135 + 136 + 
(mm Hg) 11 6 7 8 6 
HR 129 IE 207 + 199 E 203 + 
(beats/min) 5 9 12 9 6 





*All determinations made at a left atrial pressure of 10 mm Hg. 


Abbreviations same as for Table 1. 
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Fig 3. The effect of infusion of isoproterenol and glucagon 
on cardiac index in propranolol-treated (Group 2) animals 
after cardiopulmonary bypass. 
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Fig 4. The effect of glucagon on cardiac index in 
propranolol-treated animals after cardiopulmonary 
bypass. Left atrial pressure — 10 mm Hg. 


glucagon, with a significant (24.896) increase oc- 
curring at 30 minutes postinfusion (p « 0.05). 


Comment 

Chronic propranolol administration has been ef- 
fective in reducing the frequency and severity of 
angina attacks in patients with coronary artery 
disease. While the drug is generally well toler- 
ated, adverse reactions including bradycardia, 
hypotension, bronchospasm, and congestive 
heart failure may occur. In addition, clinical ex- 
perience indicates that some patients in whom 
propranolol was not discontinued prior to oper- 
ation developed postoperative cardiac failure 
and death. Therefore it has been recommended 
that propranolol be discontinued prior to coro- 
nary artery bypass. Abrupt cessation of pro- 
pranolol therapy has been associated not only 
with exacerbation of symptoms but with serious 
cardiovascular sequelae as well. Sudden death, 
myocardial infarction, ventricular arrhythmias, 
and acute coronary artery insufficiency have 
been described. Mizgala and associates [8] re- 
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Fig 5. The effect of glucagon on left ventricular dpidt in 
propranolol-treated animals after cardiopulmonary 
bypass. Left atrial pressure = 10 mm Hg. 


ported that abrupt cessation of propranolol was 
followed by 15 acute coronary events in 14 pa- 
tients with severe angina who had been receiv- 
ing propranolol for periods of seven days to six 
years. Similar experiences have been reported 
by Alderman and colleagues [1] and Nellen [10]. 
The acute syndromes do not appear to be related 
to dosage or duration of treatment. The mecha- 
nisms of occurrence of the acute syndromes are 
unknown. 

Propranolol has a relatively short plasma half- 
life (3 to 6 hours), and tissue levels approach zero 
within 48 hours after the last dose. Recent 
studies by Coltart and co-workers [3] have 
shown that withdrawal of propranolol 24 to 28 
hours preoperatively results in normal beta- 
adrenergic receptor function at the time of a car- 
diac operation. Similar], Faulkner and as- 
sociates [4] have shown that propranolol was 
undetectable in samples of plasma and left atrial 
tissue 48 hours after withdrawal from chronic 
therapy. In addition, in patients who underwent 
coronary artery bypass grafting, these authors 
reported no difference in mortality rates be- 
tween those who had chronic propranolol 
therapy discontinued 48 hours prior to opera- 
tion and those who never received propranolol. 

Unfortunately, cessation of propranolol prior 
to operation is not always possible since 
some patients develop adverse cardiovascular 
sequelae. Other patients may require emer- 
gency coronary artery bypass grafting for 
problems such as unstable angina despite the 
fact that they are receiving large dosages of pro- 
pranolol, or following iatrogenic coronary artery 
dissection. Following myocardial revasculariza- 
tion these patients depend on sympathetic 
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stimulation and circulatory catecholamines to 
maintain adequate cardiac output. Since there 
- is residual beta-adrenergic blockade, this re- 
sponse is impaired and the myocardium is 
unable to contract effectively. Circulatory 
dynamics may be further compromised by the 
myocardial hypoxic acidosis that inevitably oc- 
curs during the period of aortic cross-clamping 
and by the ganglionic blocking effects of muscle 
relaxants. Lucchesi* recently speculated that the 
large doses of morphine used for anesthetic pur- 
poses during coronary artery bypass grafting 
may potentiate the myocardial depressant effect 
of residual beta-adrenergic blockade. 

Because of these additive effects, patients who 
are operated on while continuing to receive 
propranolol may be left with little cardiac re- 
serve with which to respond to the stresses of 
anesthesia and operation. These patients may 
need inotropic support to survive the operation. 
The commonly used inotropic agents are iso- 
proterenol, dopamine, and simultaneously in- 
fused levarterenol and phentolamine [2]. In 
the presence of beta-adrenergic blockade, do- 
pamine and simultaneously infused levar- 
terenol and phentolamine have been shown un- 
able to stimulate the myocardium sufficiently to 
increase cardiac output.* Isoproterenol in large 
doses is the only agent capable of stimulating the 
myocardium in patients or animals with re- 
sidual beta-adrenergic blockade. In this experi- 
ment only the infusion of isoproterenol in the 
large dose of 0.16 ug/kg/min produced an in- 
crease in cardiac output. Such a dosage of iso- 
proterenol in humans would be accompanied by 
pronounced tachycardia, which could be det- 
rimental since it further increases the already 
elevated myocardial oxygen requirements. In 
contrast, glucagon markedly increased cardiac 
output, peak systolic pressure, and left ventricu- 
lar dp/dt at a low dose of 0.13 ug/kg/min in the 
presence of chronic beta-adrenergic blockade. 
Although tachycardia following glucagon ad- 
ministration is known to occur in dogs, as hap- 
pened in these experimental animals, it has been 
shown by Vanderark [11] and Kones [5] and their 
associates not to be associated with undesirable 
arrhythmias or tachycardia in humans. 

The mechanisms by which glucagon affects 
the heart are unknown [5, 6]. Considerable 


*Lucchesi B: Personal communication, 1977. 


evidence points to increased cardiac adenyl cy- 
clase activity as its mechanism of action. It has 
also been shown that glucagon-induced adenyl 
cyclase activation, in contrast to that induced by 
the other catecholamines, cannot be blocked by 
propranolol to increase myocardial contractility 
and cardiac output in the presence of chronic 
beta-adrenergic receptor blockade in animals 
subjected to cardiopulmonary bypass and myo- 
cardial hypoxia. The rise in systemic pressure 
resulting from the improved cardiac output 
leads to increased coronary blood flow. This, 
plus the absence of tachycardia, causes a reduc- 
tion in myocardial oxygen consumption and 
hence an improvement in myocardial oxygena- 
tion and left ventricular function. Considering 
these factors, we believe glucagon to be the pref- 
erable agent in patients in whom propranolol 
cannot be withdrawn and who develop low car- 
diac output following operation. 
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Ruptures and Perforations of the Esophagus: 
The Case for Conservative Supportive Management 
William S. Lyons, M.D., Michael G. Seremetis, M.D., Vicente C. deGuzman, M.D., 


and Joseph W. Peabody, Jr., M.D. 


ABSTRACT A series of 31 patients treated for rup- 
tures and perforations of the intrathoracic esophagus 
is reviewed. Eighteen of these patients underwent 
major thoracotomy; 11 were treated with minor pro- 
cedures. Two died before treatment could be im- 
plemented. Of the 18 undergoing major operations, 7 
died; among the 11 managed conservatively there was 
only 1 death. Based on this experience, we conclude 
that major surgical repair for esophageal perforation 
is often unnecessary. It has the additional drawback 
of sometimes resulting in equally serious secondary 
procedures. 


Ruptures and perforations of the intrathoracic 
esophagus are relatively uncommon but are 
dangerous. Without treatment they are nearly 
10096 fatal. Surgical intervention, although 
representing substantial progress, has often 
been unsatisfactory when universally applied. 

We reviewed 31 patients with ruptured 
esophagus. Eleven were managed conserva- 
tively, that is, without operative treatment 
except for limited thoracotomy for accurate 
placement of drainage tubes, gastrostomy, 
and jejunostomy. Eighteen underwent major 
thoracotomy. We found that the patients who 
were treated without operation had a much 
lower mortality rate. In this series we observed 
that the esophagus had a strong tendency to heal 
itself, and we believe that in many cases major 
surgical procedures are not necessary to cure 
this lesion. 
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Materials 


All types of intrathoracic esophageal perfora- 
tions are represented in our series with the 
exception of those due to inflatable bags 
used for esophageal tamponade, such as the 
Sengstaken-Blakemore tube. Iatrogenic rup- 
tures due to endoscopy and dilations were very 
common and equal in incidence to those at- 
tributable to emetic injury (Boerhaave's syn- 
drome). 

The causes of esophageal perforation may be 
conveniently grouped into iatrogenic and 
noniatrogenic: 


I. Iatrogenic 

A. Endoscopy 

B. Esophageal dilations 

C. Passage of tubes 

D. Major thoracotomy 
II. Noniatrogenic 

A. Missiles 

B. Foreign bodies 

C. Spontaneous rupture (Boerhaave's 

syndrome) 
D. Blunt trauma 
E. Caustic injury 


The nature and distribution of the 31 in- 
trathoracic perforations are shown in Table 1, 
with the general mode of treatment and the mor- 
tality rate for each group. Three perforations 
were in the middle third and 28 in the lower 
third of the esophagus. There were 13 spon- 
taneous perforations due to emetic injury 
(Boerhaave's syndrome), 13 due to esophagos- 
copy with or without dilation but not associated 
with foreign bodies, 1 perforation by a bullet, 1 
due to caustic ingestion, and 1 due to severe 
blunt trauma from an automobile accident. 
There was 1 injury during a pulmonary opera- 
tion and 1 foreign body perforation. There were 
10 deaths in the total group of 31 patients. 
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Table 1. Cause of Injury and Treatment Employed in 31 Patients with Esophageal Perforation 





Major Operation 


Type of No. of 
Perforation Patients Alive 
Spontaneous 137 5 
Instrumental 13 5 
Caustic 1 
Surgical 
Missile 1 1 
Foreign body 1 
Blunt trauma J? 

Total 31 11 


Treatment and Results 


Minor Procedures 


Dead Alive Dead 
4 | 3 0 
2 6 0 
1 . 
1 
1 
7 10 1 


*One died after wrong operation (celiotomy), and 1 died without treatment. 


‘Died without treatment. 


Treatment 


The treatment of our 31 patients may be charac- 
terized as reparative or supportive. Repair in 
this series included at least major thoracotomy 
and suture of the esophageal rent. Supportive 
therapy involved solely the use of minor proce- 
dures, with major thoracotomy avoided. Thus, 
of the 31 patients, 18 underwent operations in- 
tended. to be reparative, with 7 deaths, and 11 
received supportive care, with 1 death (see Table 
1). Supportive care included minor surgical and 
other procedures such as closed thoracostomy (3 
instances), insertion of a nasogastric tube (6 in- 
stances), gastrostomy (3 instances), and in 1 in- 
stance a limited (hand's width) thoracotomy for 
placement of a chest tube (Table 2). Although 
this was not a matter of our policy, it so hap- 
pened that gastrostomy was not employed with 
the reparative approach in this series. 


Table 2. Spontaneous and Instrumental Endoscopic 
Perforations Treated Conservatively? 


Type of 

Injury G CT NG 8$ A 

Spontaneous 1 3 3 3 9 
(N = 3) 

Instrumental 2 1 9 3 9 
(N = 6) 


*Excludes 1 caustic perforation treated conservatively. There 


were no deaths in this group. 


G = gastrostomy; CT = chest tube; NG = nasogastric tube; S 
= steroids; A = antibiotics. 


Results 


For the spontaneous and instrumental perfora- 
tions of the lower third of the esophagus, 15 
patients had repair by direct suture, with 5 
deaths (Table 3). Both mortality and dehiscence 
of the repair are thought to be related to delays in 
treatment, and our experience is consistent with 


Table 3. Outcome According to Time of Operation 
in 15 Patients with Spontaneous or Instrumental 

Rupture in Lower Third of Esophagus Treated by 
Thoracotomy and Direct Suture 


Time between 
Rupture and 


Operation (hr) Reopened Died 
4 Yes Yes 
7 
12 
15 
20 
21 Yes Yes 
24 Yes Yes 
24 Yes 
30 Yes 
36 
48 ? Yes 
48 Yes 
48 
72 
120 Yes 
6 patients 5 patients 
(33%) 
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Table 4. Results of Treatment for 
Boerhaave's Syndrome 


No. of 

Treatment Patients Lived Died 
Major surgery 8 5 3 (37%) 

(direct closure) 
Minor surgery, e.g., 3 3 

thoracostomy, 

gastrostomy 
No treatment 1 1 
Wrong operation 1 

Total 13 8 





other reported series in this respect. Five of the 6 
dehiscences and 4 of the 5 deaths were in pa- 
tients operated upon more than 20 hours after 
perforation occurred. Dehiscence of the repair, 
always a serious occurrence, was associated 
with fatality in 3 of 6 instances. 

Breaking this down another way, there were 
13 instances of full-thickness emetic injury, or 
Boerhaave's syndrome (Table 4). In 8 of these, 
direct suture was carried out with 3 deaths. A 
ninth patient was mistakenly subjected to 
celiotomy for a perforated duodenal ulcer and 
died about 24 hours later, shortly after the cor- 
rect diagnosis was made. Another death, follow- 
ing spontaneous rupture, occurred in a young 
woman with a chronic problem due to head in- 
jury who was unable to communicate very well. 
She was diagnosed very late and received no 
definitive therapy, either conservative or opera- 
tive. Three patients were treated with minor 
procedures only, and all lived. 

There were 13 instrumental perforations. 
Seven of these patients had direct suture; 2 of 
them died. Six were managed conservatively; all 
6 recovered. Five of the 13 patients with instru- 
mental perforation showed evidence of me- 
diastinitis and pleuritis similar to full-blown 
Boerhaave’s syndrome. Four of these had 
thoracotomy and direct repair; 2 lived and 2 
died. The fifth patient almost died but survived 
with gastrostomy and closed thoracostomy. 

The patient who had perforation from a bullet 
also had perforations of the stomach. Both the 
esophageal and gastric perforations were closed 
by direct suture within a few hours of injury. 
The patient lived and did well. 


The caustic perforation which revealed itself 
as a tracheoesophageal fistula in the acute phase 
of injury was managed entirely by hyperali- 
mentation and antibiotics. Later, of course, 
esophageal reconstruction was required. 

One death occurred following a minor proce- 
dure employed after a foreign body perforation. 
An elderly patient reported to a local emergency 
room complaining of a bone caught in her gullet. 
She was sent home without esophagoscopy only 
to return two weeks later desperately ill with 
advanced mediastinitis and pyopericardium. 
Esophagoscopy and removal of the bone, cer- 
vical mediastinotomy, and drainage of the 
pericardium through the fifth costal cartilage 
were done. The addition of steroids and massive 
antibiotic therapy was to no avail; the patient 
died within 36 hours. 

The 1 instance of rupture due to blunt trauma 
from an automobile accident was diagnosed 72 
hours after injury, shortly before the patient 
died from advanced mediastinitis. Sadly, multi- 
ple rib fractures and pulmonary contusions were 
the only associated injuries. 

In the combined group of both spontaneous 
and instrumental perforations treated conserva- 
tively, a total of 9 patients (see Table 2), there 
were no deaths. 

The person with caustic perforation of the 
esophagus was also treated conservatively, for 
that injury and for 2 separate instances of in- 
strumental perforation of his colon transplant 
later in the hospitalization. 


Comment 

Boerhaave's syndrome is said to have been 100% 
fatal prior to 1947, when Mr. N. R. Barrett re- 
ported successful surgical attack on the problem 
[2]. In that patient the esophageal repair de- 
hisced, convalescence was prolonged, and in 
all probability survival occurred only because of 
the drainage provided first by the chest tube and 
later by the costotransversectomy. Even with the 
most vigorous surgical approach today, mortal- 
ity in Boerhaave's syndrome remains in the area 
of 30 to 4096 [1, 8, 10, 14]. As our experience and 
that of others shows, instrumental perforation 
can be equally dangerous if diagnosis is delayed 
and mediastinitis and pleuritis have a chance to 
develop [12]. 
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In an excellent comprehensive paper on spon- 
taneous perforations, Abbott and associates [1] 
noted the high rate of repair dehiscence and 
fatality in patients operated on 12 to 18 hours 
after perforation. Generally speaking, 24 hours 
after spontaneous rupture the surgeon is look- 
ing at a patient with perhaps a 50% chance of 
survival. This fact alone should tell us there 
is something wrong with the routine surgical 
approach to this group of patients. 

Surgical indications and treatment in patients 
with intrathoracic esophageal perforation are 
fairly well standardized. Loop and Groves [9] 
summarized well the prevalent bias in favor of 
surgical management by emphasizing the old 
axiom "the patient is too sick not to operate.” 
For authority, they turned to Barrett: "Conser- 
vative therapy is likely to fail in that if the 
emergency is survived, the patient is apt to de- 
velop essentially untreatable mediastinal and 
pleural complications" [9]. The most elementary 
logic is invoked: the gut is leaking into the inte- 
rior of the body; death will result unless the rent 
is closed. Therefore, thoracotomy and repair are 
the only solution, even though the esophagus is 
frequently not in suitable condition for suture or 
the patient is too ill for an operation of this 
magnitude. Abbott and co-workers [1] also fa- 
vored primary surgical repair of the esophagus, 
although the high rate of repair breakdown (9 of 
13) and associated mortality (8 of 13) they re- 
ported would seem to prompt a less certain at- 
titude. 

As architects of the vigorous surgical ap- 
proach, Loop and Groves [9] recommend that 
ancillary procedures be carried out as indicated 
atthe time of thoracotomy and repair of the rent. 
For example, Heller procedures, hiatus hernia 
repair, even esophagogastrectomy are ad- 
vocated. In 1965 Foster and associates [5] 
strongly advocated the definitive approach of 
thoracotomy and direct suture of the perfora- 
tion. By 1970, however, Foster's stance had 
changed considerably, and he pointed out that 
drainage of the mediastinum and pleura was the 
"really important thing" [4]. When a condition 
such as Boerhaave's syndrome exists, with a 
mortality risk rising by approximately 296 an 
hour, such general recommendations represent 
questionable surgical judgment. There were 3 


patients with instrumental perforations in our 
series in whom ancillary procedures were 
carried out; 2 died. A hiatus hernia was re- 
paired in 1 and a Heller procedure and hernia 
repair were carried out in the other. 

To us it appears that improvement in man- 
agement is necessary if the death rate in spon- 
taneous and iatrogenic perforations of the lower 
third of the esophagus is to be reduced. The key 
to a successful outcome is prompt recognition. 
There is really no excuse for late diagnosis. Sec- 
ond, all oral intake must be stopped from the 
moment the diagnosis is suspected. Third, the 
stomach must be kept empty of acid juices and 
bile. Fourth, the pleural space, if involved, must 
be adequately drained, and the lung, if col- 
lapsed, promptly reexpanded. Fifth, antibiotics 
must be given in all cases. And sixth, steroids 
must be administered in patients with toxicity 
and evidence of extensive internal soilage. 

The role of thoracotomy and closure of the 
perforation is not easy to assess. In patients 
diagnosed early and showing little or no toxic- 
ity, good results will probably follow either 
minor or major surgical procedures [10]. Nev- 
ertheless, thoracotomy and suture of the 
esophageal rent may be the procedures of 
choice. When primary healing occurs, certainly 
the morbidity is minimized. Presumably, even 
if the repair reopens, thoracotomy should have 
afforded the best possible placement of drainage 
tubes in the pleural space and mediastinum. 
Mortality rates in patients with Boerhaave’s 
syndrome, for example, operated on before 12 to 
18 hours have elapsed, are generally reported in 
the 10 to 20% range, although admittedly this is 
still too high. Conversely, direct suture after 24 
hours is associated with a high rate of dehis- 
cence and a mortality rate of 50% or more. 
Numerous reports attest to this [3, 5, 6, 7, 12, 14, 
16]. Surely the axiom "the patient is too sick not 
to operate" is not the complete answer. The bur- 
den of thoracotomy in the desperately ill can 
only contribute to an unfavorable outcome. In 
this series, 4 of 10 patients who were operated 
upon 20 hours or more after their perforation 
died (see Table 3). 

On the other hand, consider the reported re- 
sults on reasonably large groups of patients with 
instrumental perforation, both early and late, 


350 The Annals of Thoracic Surgery Vol 25 No 4 April 1978 


treated conservatively. Mengoli and Klassen [11] 
reported 1 death among 18 patients, 14 of whom 
had perforations in the lower third of the 
esophagus. There is a report from Sinai Hospital 
of Detroit on 24 patients with instrumental per- 
foration of the esophagus treated conservatively 
without a death [15]. However, the distribution 
of these patients according to the level of perfo- 
ration is not given. Of no little significance are 
the important reports of Nealon [12], Matthew- 
son [10], Abbott [1], and Samson [13] and their 
colleagues showing comparable or better results 
with conservative management, a fact which did 
not seem to be fully recognized by the authors of 
these papers. In the experience reported here, 
among 9 patients with spontaneous and instru- 
mental perforation of the lower third of the 
esophagus treated conservatively, there were no 
deaths. Four of these perforations were handled 
“late,” in that they were "toxic" with medias- 
tinitis and pleural effusion. In recent years we 
have been inclined to treat the sickest patients 
conservatively, and we think the reported re- 
sults tend to favor this approach. 

We believe our data support the notion that if 
the mortality rate is to be decreased, alternative 
methods to major operation have to be more 
frequently employed for the ruptured or perfo- 
rated intrathoracic esophagus, especially when 
diagnosis is delayed and the patient is very ill. 
While we have had no experience with major 
defunctionalizing procedures in either the acute 
situation or the chronic fistula stage, it is our 
belief, based on the results with the conservative 
approach reported here and by others, that such 
operations are rarely necessary. Additionally, of 
course, they have the great disadvantage of re- 
quiring major secondary procedures. Ancillary 
procedures such as the Heller operation and 
hernia repairs should not be carried out when 
the patient is acutely ill unless conditions are 


absolutely ideal. The objective is survival in this 
dangerous situation; hernias and other prob- 
lems can be corrected later. 
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HOW TO DO IT 


A Simple Method of Cold Coronary Perfusion 


Hillel Laks, M.D., Hendrick B. Barner, M.D., and George C. Kaiser, M.D. 


ABSTRACT Hypothermic 
lengthens the safe duration of anoxic arrest. Intermit- 


coronary perfusion 
tent selective hypothermic coronary perfusion pro- 
vides extended myocardial protection. We describe 
a method of achieving profound myocardial 
hypothermia by selective deep hypothermic coronary 
perfusion using a cooling coil without a separate 
pump head. 


Current methods of myocardial protection for 
cardiac surgical procedures include coronary 
perfusion [2], topical hypothermia [1], and car- 
dioplegic arrest [5], each with its advantages and 
disadvantages. Myocardial hypothermia is a 
fundamental component of the last two 
methods. Williams and associates [7] demon- 
strated that selective hypothermic coronary per- 
fusion is an effective method of myocardial pro- 
tection clinically. A separate heat exchanger and 
pump head have been used for this purpose [4, 
7]. In this report we describe a simple method 
of achieving hypothermic coronary perfusion 
in different cardiac surgical procedures. 


Technique 


In order to achieve selective profound hy- 
pothermic coronary perfusion, a simple heat 
exchanger not requiring a separate pump head 
was devised and is shown in Figure 1. A 
Y-connector is inserted into the arterial line and 
carries blood into a heat-exchanging coil,* which 
is immersed in iced slush. Depending on clinical 
circumstances, either the coronary ostia may be 
cannulated directly or a perfusion needle may be 
introduced into the aortic root immediately prox- 
imal to the cross-clamp. Myocardial protection is 
then achieved by a combination of intermittent 
cold coronary perfusion and topical hypother- 
mia. 
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This method may be used for multiple coro- 
nary anastomoses with a single cross-clamp 
period by using a perfusion cannula introduced 
into the aortic root,* or the coronary ostia may be 
directly cannulated, as they are in aortic valve 
replacement, double valve replacement, and aor- 
tic arch replacement. With combined valve re- 
placement and coronary revascularization, the 
vein grafts may be perfused intermittently with 
cold blood. Prior to aortic cross-clamping, “crash 
cooling" is used to cool the myocardium, as 
shown in Figure 2. This cooling is achieved by 
reducing the temperature of the water bath in the 
heat exchangert to 5°C. Within 2 to3 minutes the 
myocardial temperature is reduced to about 
20*C, while esophageal temperature remains at 
about 27°C. Following aortic cross-clamping, 
iced slush is applied to the surface of the heart. 
After 30 minutes of ischemia, the coronary per- 
fusion cannulas are introduced, and a 5-minute 
period of cold coronary perfusion is completed. 
The cannulas may then be removed if convenient 
and reinserted for subsequent 5-minute perfu- 
sions every 20 minutes. The esophageal temper- 
ature is maintained at 28°C throughout the 
cross-clamp period. Measurements of coronary 
blood flow using an electromagnetic flow probe 
have shown a flow of about 100 ml per minute to 
the left coronary artery and a combined flow of 
200 ml per minute with a perfusate temperature 
of 5° and 9*C, respectively, a line pressure of 200 
mm Hg, and a mean systemic pressure of 90 mm 
Hg. The myocardial temperature during perfu- 
sion varies from 9° to 15°C depending on the 
flow rate. 

This method of selective cold coronary perfu- 
sion with the cooling coil has been used in 14 
aortic valve replacements, 3 double valve re- 
placements, 1 aortic valve replacement com- 
bined with coronary revascularization, and 2 aor- 
tic root replacements. There was 1 death in this 
series owing to hemorrhage, and only 1 patient 


* Argyle or Jelco No. 14, Hartford, CT. 
tModel 11160 dual cooler heater, Sarns Inc, Ann Arbor, MI. 
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Fig 1. Circuit used for selective coronary hypothermia. A 
Y-connector in the arterial line is connected by 6 mm tub- 
ing to a Travenol 2C2410 blood-warming coil. This coil is 
connected either to the coronary perfusion cannulas or to an 
Argyle No. 14 plastic cannula inserted into the aortic root. 
As shown, a small piece of plastic tubing threaded onto the 
cannula is used to fix it to the aortic wall. The coil is im- 
mersed in a small bucket of iced slush kept at the foot of the 
field. 


required postoperative inotropic support, and 
that for only a brief period. The 2 patients who 
underwent root replacement had cross-clamp 
periods of 120 and 136 minutes, respectively. 
Neither required inotropic support postopera- 
tively. 


Comment 


The technique of crash cooling offers a simple 
method of obtaining myocardial hypothermia 
(20°C) prior to cross-clamping while maintaining 
systemic temperature at 28°C. The addition of 
topical hypothermia results in a rapid fall in 
myocardial temperature to 10° to 15°C. Our clini- 
cal experience confirms laboratory evidence [6] 





that hypothermia prior to cross-clamping the 
aorta extends the safe period of anoxic arrest. 

The method of selective hypothermic coronary 
perfusion has the advantage of allowing pro- 
longed cross-clamp periods with adequate myo- 
cardial protection. In contrast to continuous 
coronary perfusion, the cannulas may be re- 
moved for better exposure and reinserted only 
intermittently. The topical myocardial hy- 
pothermia is also maintained continuously 
throughout the cross-clamp period. Use of the 
cold coil provides a simple method of selective 
hypothermic coronary perfusion without the 
need for a separate heat exchanger and pump 
head. Experimentally [3], intermittent cold 
coronary perfusion without topical hypother- 
mia gave adequate myocardial protection but 
was less effective than intermittent cardiople- 
gic solution. Our clinical experience and that 
of Williams and co-workers [7] confirm that 
this method combined with topical hypother- 
mia provides adequate myocardial protection 
for prolonged periods. 
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Fig 2. Changes in myocardial, esophageal, and heat ex- 
changer water bath temperature in a 25-year-old patient 
undergoing aortic root replacement and insertion of a 
prosthetic aortic valve. Crash cooling reduced myocardial 
temperature to 21.6°C while the patient's esophageal 
temperature remained at 26*C and was then maintained 
at 28*C. By using the cooling coil with intermittent cold 
coronary perfusion and topical hypothermia, the myo- 
cardial temperature was maintained at 7? to 15°C 
throughout the 136 minutes of aortic cross-clamping. 
Inotropic agents were not required in this patient's un- 
eventful postoperative course. (CCP — cold coronary 
perfusion; heavy-dot bar — crash cooling period; water 
temp = heat exchanger water bath temperature.) 


References 


1. Berhard WF, Schwarz HF, Mallick NP: Intermittent 
cold coronary perfusion as an adjunct to open heart 
surgery. Surg Gynecol Obstet 111:744, 1960 

2. Griepp RB, Stinson EB, Shumway NE: Profound 


local hypothermia for myocardial protection during 
open-heart surgery. J Thorac Cardiovasc Surg 
66:731, 1973 


. Laks H, Barner HB, Hahn JW, et al: Myocardial 


protection with intermittent coronary perfusion 
using cold blood versus a cardioplegic solution. 
Surg Forum 28:231, 1977 


. Michaelis LL: Coronary artery perfusion. Ann 


Thorac Surg 20:72, 1975 


. Roe BB, Hutchinson JC, Fishman NH, et al: Myo- 


cardial protection with cold, ischemic, potassium- 


induced cardioplegia. J Thorac Cardiovasc Surg 
73:366, 1977 


. Tyers GFO, William EH, Hughes HC, et al: Effect of 


perfusate temperature on myocardial protection for 


ischemia. J Thorac Cardiovasc Surg 73:766-771, 
1977 


. Williams GD, McNair WR, Burnett HF, et al: Myo- 


cardial protection for the compromised ventricle 


during cardiac surgery: a comparative study. J 
Surg Res 20:427, 1976 


Intraoperative Assessment of Mitral Valve Function 


J. L. Pomar, M.D., G. Cucchiara, M.D., I. Gallo, M.D., 


and C. M. G. Duran, M.D., Ph.D. 


ABSTRACT Clinical, echocardiographic, hemody- 
namic, and angiographic data can usually assess the 
preoperative status of the mitral valve quite accu- 
rately. However, there is need for an intraoperative 
method to observe the dynamic function of the mitral 
valve, particularly after an open commissurotomy, or 
to determine the efficacy of a valvoplasty. Our ex- 
perience with more than 250 mitral annuloplasties 
has led to the development of a safe method for direct 
observation of the mitral closure mechanism using 
the left ventricular vent and a slight modification of 
the usual cardiopulmonary circuit. 


The recent development of stable methods of 
mitral annuloplasty [1, 2] has awakened new 
interest in the possibilities of conservative valvu- 
lar surgery. A difficult problem with this type of 
procedure is determining its feasibility in each 
particular case. Static evaluation of the mitral 
apparatus—annulus, leaflets, chordae ten- 
diniae, and papillary muscles—is essential but 
insufficient, and dynamic assessment is required 
to judge the feasibility of a particular technique 
and its success in achieving competence. Such a 
dynamic method is described here. 


Method 


The principle of the method is to inject blood 
from the arterial line into the left ventricle with a 
cross-clamped, vented ascending aorta. All the 
method requires is a side line from the arterial 
line in the operative field. 

When a left apical vent is used, suction is 
applied through one of the usual roller pumps 
(Figure, left). This suction line is permanently 
joined to the arterial line through a small piece of 
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tubing which is normally double clamped. The 
ascending aorta is cross-clamped throughout the 
intracardiac procedure. When the mitral closure 
mechanism is to be observed, a needle is placed 
in the ascending aorta proximal to the cross- 
clamp, and the two clamps on the new joining 
line are transferred to the suction line. The arte- 
rial pump therefore delivers blood to the ascend- 
ing aorta as usual and to the left ventricle 
through the vent. To observe the valve with a 
beating heart when topical hypothermia is being 
used, a few minutes of coronary perfusion with- 
out unclamping the aorta will result in a good 
fibrillation easy to revert electrically into sinus 
rhythm. 

When aortic root cardioplegic perfusion is 
being used, the same principle can be applied. 
The cannula with side holes that was used to 
perfuse the aortic root is directed into the left 
ventricle through the mitral valve under digital 
control. This cannula is connected to the side line 
of the arterial line whenever the mitral valve is to 
be observed. This cannula can also be used as a 
left ventricular vent during operation and par- 
ticularly at the end of the intracardiac procedure 
to evacuate air from the left heart cavities (Figure, 
right). 

A few minutes’ time is quite sufficient to de- 
termine the amount and localization of the re- 
gurgitant jet, whether a conservative procedure is 
indicated, and the final result of its application. 


Comment 


A number of methods have been used for 
dynamic evaluation of the mitral valve, but they 
have all been digital and manometric techniques 
that can only be used once extracorporeal circula- 
tion has ended. They do not permit direct obser- 
vation of the valve, and thus an unsuccessful 
repair requires going back on bypass and per- 
forming a new atriotomy. One method involves 
observing the mitral valve through the atriotomy 
during cardiopulmonary bypass with the aorta 
unclamped. We consider this method highly 
dangerous because of the risk of air embolism if 
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Assessment of mitral valve function in a beating heart. 
(Left) Operation being performed using à left apical vent. 
( Right) Operation being done using cardioplegia by per- 
fusion through the aortic root. Points A and B are 
clamped to control direction of blood flow. (LA = left 
atrium; LV — left ventricle; RV — right ventricle.) 


the mitral valve is competent. Another method 
involves the manual injection of saline with a 
cannula introduced through the mitral valve or 
the apical vent. The left vent suction line must be 
clamped or disconnected temporarily. But this 
method results in an unknown ventricular pres- 
sure and allows for an extremely short period of 
observation. A needle in the ascending aorta is 
also required if coronary air embolism is to be 
avoided. 

The method described here avoids systemic air 
embolism and can be used several times after 
each surgical maneuver on the mitral valve. Care 
must be taken not to pull too hard on the atrial 
retractor so as to avoid distortion of the valve and 
false regurgitation. At the beginning of our ex- 
perience we always observed the valve in a beat- 
ing heart, the assumption being that this practice 
would be more physiological and would avoid 
the danger of producing left ventricular dilata- 





^. 


tion. Increased practice resulted in shorter 
periods of observation, and at present very rarely 
is the valve observed under beating conditions. 
The possibility of the observation of false regur- 
gitation in a nonbeating, flaccid heart was ruled 
out when this method was tried in the animal 
laboratory. The normal dog mitral valve will not 
become insufficient when subjected to the pro- 
cedure described here. 

This method has been used in 130 patients 
without complications. In 101 patients a flex- 
ible-ring annuloplasty was performed with a 
2% hospital mortality. We recommend unclamp- 
ing the connecting line slowly so as to evacuate 
air from the ascending aorta and seeing that the 
surgical team is accustomed to these maneuvers. 
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Simplified Insertion of Left 


Atrial Pressure Monitoring Catheter 
Gordon N. Olinger, M.D., E. Leonard Posey, III, M.D., 


and Lawrence I. Bonchek, M.D. 


ABSTRACT A simplified, safe, and reliable tech- 
nique is described for intraoperative insertion of a 
left atrial monitoring catheter using modified, cur- 
rently marketed plastic intravenous catheters. 


Intraoperative and postoperative assessment of 
left ventricular filling pressure is desirable for 
most left-sided cardiac operations and is essen- 
tial for optimal management of patients with im- 
paired left ventricular function. While this pres- 
sure can be estimated with a pulmonary artery 
balloon catheter, we have found it most reliable 
to measure left atrial pressure directly with 
an indwelling catheter. Many surgeons have 
avoided this technique because of inconvenience 
of insertion, embarrassment of cardiac hemody- 
namics during insertion, and the risk of air em- 
bolus. We have recently adopted a technique of 
catheter insertion recommended to us by Dr. 
Georg Rodewald of Hamburg, Germany, which 
facilitates precise, rapid, and safe insertion of the 
catheter either before or after cardiopulmonary 
bypass. 


Technique 


The technique is implemented with a 14-gauge 
Medicut tapered polyethylene cannula-over- 
needle unit," specially prepared in advance by 
the operating room nurse. The polyethylene 
cannula is split lengthwise along one side with a 
scalpel blade (Fig 1) and the distal third of the 
catheter needle unit is bent to about 30 degrees 
with the bevel of the needle pointed to the con- 
cave surface (Fig 2). A 16-gauge radiopaque 90 cm 


From the Department of Thoracic and Cardiovascular 
Surgery, The Medical College of Wisconsin, Milwaukee 
County Medical Center, Milwaukee, WI. 


Accepted for publication Aug 9, 1977. 


Address reprint requests to Dr. Olinger, Department of 
Thoracic and Cardiovascular Surgery, The Medical College of 
Wisconsin, 8700 W Wisconsin Ave, Milwaukee, WI 53226. 


* Aloe Medical, St. Louis, MO. 


Intracath polyethylene catheter* is brought 
through the right epigastric abdominal wall ret- 
rograde through its own 14-gauge steel needle 
and flushed with heparinized saline. A purse- 
string suture is inserted in the visceral pericar- 
dium and adventitia over the right superior 
pulmonary vein, and the curved Medicut unit 
is inserted through the pursestring suture. As 
soon as the cannula enters the wall of the vein, 
blood is aspirated, the cannula is advanced over 
the needle into the atrium, and the needle is 
withdrawn. If the heart is full and beating at this 
time, air will not be aspirated into the left 
atrium. If desired, the catheter may be inserted 
by the same technique through the roof of the 
left atrium between the aorta and the superior 
vena cava. The Intracath catheter is inserted 
through the Medicut cannula. The cannula is 
withdrawn and the pursestring suture tied 
snugly around the catheter to provide hemo- 
stasis but not to bind the catheter in a fixed posi- 
tion. The split in the Medicut cannula is opened 
and the cannula is removed from the catheter 
(Fig 3). The Intracath catheter is secured to the 
parietal pericardium with a 5-0 silk suture and to 
the skin with a heavy skin suture. A Luer-Lok 
stopcock and high-pressure monitoring tubing 
assembly are then attached to the bonded female 
end of the Intracath and led to a pressure trans- 
ducer. Continuous flushing of the system is 
maintained with an Intraflow device.t 


Comment 


We have used this technique without difficulty 
in more than 100 patients. The modified Medicut 
insertion unit combined with an Intracath cathe- 
ter has greatly simplified insertion of the left 
atrial catheter, obviating the need for such other 
devices as Touhy needles with free polyethylene 
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Fig 1. Preparation of the 14-gauge Medicut tapered 
polyethylene cannula-over-needle unit. 





Fig 2. Thirty-degree bend in distal third of unit. 





Fig 3. Removal of the cannula from the Intracath catheter. 


tubing and separate screw-lock fittings for con- 
nection to the stopcock and transducers. Such 
multicomponent systems have a much greater 
potential for inadvertent disconnection, but use 
of a catheter with a bonded integral Luer hub 
(such as the Intracath) has not been feasible in 
the past because the introducing needle (with 


this technique, the modified Medicut cannula) 
could not be removed from the atrial catheter 
after atrial insertion. The system we use allows 
for insertion of the catheter with minimal cardiac 
retraction and permits precise direction of the 
catheter into the left atrium. The entire proce- 
dure can be performed in two to three minutes. 


A New Prosthesis for Reconstruction 
of the Left Ventricular Outflow Tract 


William S. Pierce, M.D., John A. Waldhausen, M.D., 
James H. Donachy, and Victor Whitman, M.D. 


ABSTRACT A new left ventricular outflow tract 
prosthesis is described. It consists of a tightly woven 
Dacron graft with one end modified by being 
wrapped around a thin perforated stainless steel tube 
to form a rigid left ventricular insertion port and the 
other end anastomosed to a Hancock xenograft valved 
conduit for suture to the arterial system. The pros- 
thesis is simple in design and flexible enough to 
permit anastomosis to any portion of the abdominal 
aorta. In addition, since the entire blood conduit con- 
sists of a porous woven arterial graft and a tissue 
valve, anticoagulants are not required. The prosthesis 
has been successfully employed in a 7-year-old boy 
who had undergone two previous open-heart opera- 
tions for resection of a subaortic ring but who had 
persistent evidence of severe residual stenosis. We 
believe this conduit has advantages over present 
commercially available units. 


Most patients who have obstruction between the 
body of the left ventricle and the aorta that neces- 
sitates surgical treatment enjoy marked im- 
provement following operation by established 
methods [1]. In certain patients, however, the 
obstruction is not amenable to such operations. 
Included in this group are patients with diffuse 
hypoplasia of the ascending aorta, hypoplasia of 
the aortic ring, tunnel aortic stenosis, and certain 
types of subvalvular stenosis [8, 13]. In view of 
our long experience with left ventricular assist 
devices placed between the apex of the left ven- 
tricle and the descending aorta [2, 11, 14], we, as 
well as others, have devised valved conduits to 
be inserted from the left ventricular apex to the 
aorta in certain patients with severe left ventricu- 
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lar outflow tract obstruction. We present here 
our conduit design as well as the details of the 
first patient in whom the conduit has been em- 
ployed. 


Conduit Design 


The conduit consists of a low-porosity Dacron 
arterial graft* which terminates at one end in a 
rigid, graft-covered, thin steel tube for ventricu- 
lar insertion; the other end is anastomosed to a 
Dacron conduit containing a glutaraldehyde- 
treated porcine valvet for suture to the aorta (Fig 
1). The 316L implant grade stainless steel tube is 
0.5 mm thick and 3 cm long and is perforated 
with 2 mm holes. The diameter of the tube is 
similar to that of the Dacron graft. The arterial 
graft is inserted through the thin steel tube and 
folded back on the outside wall. The free edge of 
the graft is glued to the steel tube using a 
polyurethane adhesive. The ventricular termina- 
tion was designed to maintain patency of the 
conduit throughout the cardiac cycle and to per- 
mit tissue ingrowth into the graft fabric. A 
Dacron-felt ring is glued to the Dacron graft near 
the trailing edge of the thin steel tube to control 
the depth of insertion of the conduit into the 
ventricular apex and to serve as a suture ring for 
fixation of the conduit to the ventricular apex. 
Felt washers are available to use as spacers to 
modify the depth of insertion of the rigid ven- 
tricular portion of the cannula. The device is 
completed by suturing the free end of the graft to 
an appropriate-sized Hancock valved conduit at 
the operating table. Left ventricular outflow 
conduits have been fabricated using grafts 12, 14, 
16, 18, and 20 mm in diameter. 


Case Report 
A 7-year-old boy was noted to have severe sub- 
valvular aortic stenosis when he was 3 years of 
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Fig 1. Four left ventricular outflow conduits. The ventricu- 
lar insertion port is rigid to prevent collapse during ven- 
tricular systole. Fabrication was accomplished by inserting 
one end of the Dacron graft through a perforated stainless 
steel tube and folding the graft back on the external surface 
of the steel tube. A Dacron-felt ring is fastened to the tube 
to control the depth of ventricular insertion and to serve as a 
suture ring for ventricular fixation. A Hancock valved con- 
duit is anastomosed to the free end of the conduit at the 
operating table. 


age owing to a fibrous ring located a few mil- 
limeters below the aortic valve. He was 
asymptomatic at that time. However, his elec- 
trocardiogram showed left ventricular hyper- 
trophy with a strain pattern in the left precordial 
leads. At cardiac catheterization the peak systolic 
gradient across this ring was 90 mm Hg, and the 
aortic orifice was calculated to be 0.5 cm? per 
square meter of body surface area. There was no 
evidence of aortic or mitral insufficiency. At op- 
eration, tissue was excised from the anterolateral 
wall of the ring. Cardiac catheterization was per- 
formed six months postoperatively. The peak 
systolic gradient across the aortic outflow tract 













e 
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was 75 mm Hg, and the aortic orifice area was 
still only 0.5 cm? per square meter. The ECG 
continued to show left ventricular hypertrophy 
with strain pattern. 

The patient remained asymptomatic. One year 
following his initial operation he underwent 
another procedure to relieve the obstruction. At 
that time a considerable amount of fibrous tissue 
was found just beneath the aortic valve. This 
tissue was excised on the anterolateral wall as 
well as from the aortic leaflet of the mitral valve. 
He continued to be asymptomatic and was re- 
catheterized one year later. At that time a peak 
systolic gradient of 60 mm Hg was discovered 
across the left ventricular outflow tract. In addi- 
tion, he had mild aortic insufficiency and mild to 
moderate mitral insufficiency. One year later he 
developed severe chest pain when he exercised 
that was progressive and debilitating. Accord- 
ingly, he was considered a candidate for inser- 
tion of a left ventricle-aorta conduit. 

Operation was performed by reopening the 
median sternotomy and extending the midline 
incision to below the umbilicus. The infrarenal 
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aorta was isolated, and a washed, preclotted, 18 
mm Hancock valved conduit was trimmed so the 
valve would lie in the left upper quadrant. This 
conduit was then anastomosed to the infrarenal 
aorta with 5-0 Prolene sutures (Fig 2A). The pa- 
tient was heparinized. Cannulation was per- 
formed for institution of cardiopulmonary 
bypass (Fig 2B). The patient’s temperature was 
reduced to 28°C while an apical left ventricular 
vent was inserted. The ascending aorta was 
opened. The fibrous subannular ring was pal- 
pated 1 cm below the level of the aortic valve with 
an orifice of 3 to 4 mm in diameter. The three 


Fig 2. A long midline incision has been made. (A) A Han- 
cock valved prosthesis is anastomosed to the infrarenal 
aorta. The patient is heparinized, and, after cannulation, 
cardiopulmonary bypass is begun. (B) Aortic and mitral 
valve operations are completed (see text for discussion). (C) 
The left ventricular apex is exposed and (D) incised and di- 
lated. (E) The left ventricular conduit is preclotted. (F) The 
conduit ts inserted into the left ventricle and sutured to it by 
means of felt-backed mattress sutures. (G) The conduit is 
passed through the diaphragm, trimmed, and anastomosed 
to the Hancock valved conduit. The valve is located in the 
left upper quadrant of the abdomen. 


commissures of the aortic valve were partially 
closed with sutures to eliminate preexisting aor- 
tic regurgitation. The ascending aortotomy was 
closed, and coronary perfusion was resumed. 
The left atrium was then opened wide and ex- 
posed an anatomically normal mitral valve ex- 
cept for a cleft in its septal leaflet, probably 
created at the previous operation. This cleft was 
closed with interrupted sutures, and the left 
atriotomy was closed. The apical vent was re- 
moved, and the ventriculotomy was dilated (Fig 
2C, D). The ventricular end of the previously 
fabricated and preclotted 18 mm left ventricular 
outflow prosthesis (Fig 2E) was inserted into the 
apex and fixed with multiple felt-backed mat- 
tress sutures (Fig 2F). The conduit was passed 
through a circular incision in the left hemidia- 
phragm, trimmed, and sutured to the upper end 
of the previously placed Hancock valved con- 
duit, care being taken to eliminate air from the 
arterial system (Fig 2G). The patient’s tempera- 
ture was raised to 37°C; cardiopulmonary 
bypass was gradually discontinued. 

The patient has had a satisfactory postopera- 
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tive course. On cardiac auscultation, no murmur 
of mitral or aortic regurgitation or stenosis was 
audible. Four months following operation his 
exercise tolerance was markedly improved over 
its preoperative level. He was experiencing no 
angina. 


Comment 


The development of a satisfactory replacement 
for either the right or the left ventricular outflow 
tract has been greatly facilitated by the 
availability of the Hancock valved conduit. Ear- 
lier attempts to reconstruct the right ventricular 
outflow tract by using either valveless conduits, 
prosthetic valves within fabric grafts, or biologi- 
cal material treated in various ways have met 
with failure owing to degradation, valvular in- 
sufficiency, aneurysm formation, or thrombosis 
[6, 9, 12]. Bowman and associates [4] reported 
clinical use of a valved conduit, consisting of a 
glutaraldehyde-treated porcine valve within a 
Dacron fabric graft. Valves prepared in this fash- 
ion have held up well in the systemic circuit for 
five to seven years [17]. There is reason to be 
even more optimistic regarding their use in the 
lower-pressure pulmonary circuit. These con- 
duits are currently preferred for replacement of 
the right ventricular outflow tract in the repair of 
a wide variety of congenital cardiac defects. 
Reconstruction of the left ventricular outflow 
tract has been slower in development, although 
the basic concept of a valved apicoaortic conduit 
was described and employed in experimental 
animals more than twenty years ago by Sarnoff 
and associates [15]. Recent interest in the de- 
velopment and clinical application of left ven- 
tricular assist pumps and continuing favorable 
clinical experience with Hancock xenograft 
valves have led to additional animal studies [5, 6] 
and, more recently, to clinical application of con- 
duits containing the Hancock xenograft valve for 
replacement of the left ventricular outflow tract 
[3, 7, 10]. The ventricular portion of the pros- 
theses has ranged from rather complex, rigid, 
flock-lined stainless steel conduits to simply a 
Hancock valved conduit sewn to an incision in 
the ventricular apex. However, when this sec- 
ond technique has been employed, pressure 
gradients have occurred at the site of the ven- 
tricular anastomosis [10]. Thus in contrast to the 


right ventricular outflow tract prosthesis, with 
which a vascular graft can simply be sutured toa 
proper-sized opening in the right ventricle, the 
greater thickness of the left ventricular muscle 
makes the use of a rigid tube mandatory to pre- 
vent occlusion of the conduit orifice during sys- 
tole. 

It appears at present that the ideal left ventricu- 
lar conduit should contain a rigid tube to traverse 
the apical myocardium and be thin walled and 
flexible. Preferably, anticoagulants should not be 
required. The conduit should be readily joined to 
a Hancock valved prosthesis. Commercially 
available prostheses have several disadvantages. 
The ThermoElectron device* is bulky and confin- 
ing and requires anticoagulants; the Texas 
Technology devicet contains an unnecessarily 
thick walled ventricular tube and a 1.5 mm 
abrupt step between it and the fabric graft, where 
thrombus may accumulate; and the Hancock de- 
vicet has a long, rigid precurved segment with a 
great length of smooth polyurethane and an 
abrupt 1 mm step at the junction of the smooth 
polyurethane and the fabric graft (Fig 3). We 
believe that the conduit described here has ad- 
vantages over the present commercially available 
units and fulfills the requirements of an ideal 
conduit. The use of a standard porous-fabric 
arterial prosthesis with one end held open by a 
perforated fabric-covered tube, as is described 
here, ensures that the ventricular insertion site 
will remain patent throughout the cardiac cycle 
and permits tissue ingrowth over the entire 
length of the prosthesis. Anticoagulants are not 
required. Moreover, the graft and valved conduit 
are flexible enough to be curved for anastomosis 
to the supraceliac aorta, or they can be directed 
toward the infrarenal aorta. 

The ultimate fate of the valved left ventricle- 
aorta conduits presently being employed will 
probably be determined by the longevity of the 
Hancock xenograft valve. This application may 
be the most severe test for such a valve, because 
the valve is required to function at systemic pres- 
sures and in many instances, because of its use in 
children, for an entire life span. The past history 


*ThermoElectron Engineering Corp, Waltham, MA. 
tTexas Technology Transfer Laboratories Inc, Houston, TX. 


tHancock Laboratories Inc, Anaheim, CA. 
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Fig 3. Cross-sectional drawings of three prostheses. (A) 
The device described here is seamless and is lined with a 
woven Dacron graft. (B) The Norman-Cooley conduit has a 
1.5 mm step at the junction between the smooth Pyrolite 
tube and the graft. (C) The Hancock prosthesis is precurved 
and has a discontinuity between the smooth polyurethane 
tube and the fabric graft. 


of other preserved biological valves suggests that 
alternative prosthetic valves must be developed 
for use in vascular conduits [16]. However, de- 
spite the potential disadvantages and problems 
inherent in sucha device, the operative approach 
currently available offers relief from disability 
caused by severe malformation of the left ven- 
tricular outflow tract that is not amenable to 
other surgical or medical approaches. 
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CASE REPORTS 


Simultaneous Treatment 


of Aortic Stenosis and Coarctation 
by Left Thoracotomy with Apical Aortic Conduit 


John W. Brown, M.D., Jeffrey M. Dunn, 
and Marvin M. Kirsh, M.D. 


ABSTRACT 
stenosis and coarctation by left thoracotomy with 


The simultaneous treatment of aortic 


apical aortic conduit is described. 


Bicuspid aortic valve is one of the more common 
congenital heart anomalies and is estimated to 
occur in 296 of the population. It frequently oc- 
curs in association with other congenital car- 
diovascular anomalies, especially, coarctation 
of the aorta. When both lesions produce major 
obstruction, the usual treatment has been to re- 
lieve the most life threatening obstruction first 
and then repair the other lesion as a separate 
operation. On occasion both lesions have been 
repaired during one operation through two 
separate incisions. Because of the morbidity as- 
sociated with simultaneous repair, this approach 
has been used infrequently [9, 11]. 

Apicoaortic anastomosis is being used more 
frequently in a variety of patients with aortic 
stenosis whose obstruction cannot be relieved by 
conventional surgical techniques. In patients 
with both severe aortic stenosis and coarctation 
of the aorta, the combination of apicoaortic anas- 
tomosis and patch angioplasty of the coarctation 
enables one to relieve both obstructions simul- 
taneously through a single incision. We have 
recently encountered an adult patient with both 
severe aortic stenosis and coarctation of the aorta 
who was successfully treated with this method. 


The patient, a 33-year-old man, had been 
noted to have a heart murmur in childhood, but 
he had no symptoms until 12 months prior to 
admission. At that time he began to experience 
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exertional dizziness and tired easily. He denied 
angina, syncope, or symptoms of congestive 
heart failure. 

Physical examination revealed a healthy ap- 
pearing obese man weighing 87 kg. Blood pres- 
sure in the right arm was 130/85 with a regular 
pulse of 98 per minute. There was a delayed 
carotid upstroke and bilateral carotid bruits. A 
harsh 3/6 systolic ejection murmur was heard at 
the base of the neck and radiated into the neck. A 
soft-blowing 2/6 diastolic murmur could be heard 
along the left sternal border. There were no pal- 
pable femoral pulses. The chest roentgenogram 
revealed the heart to be moderately enlarged. No 
rib notching was evident. The electrocardiogram 
disclosed sinus tachycardia with first-degree 
atrioventricular block and left ventricular hyper- 
trophy with secondary S-T segment and T wave 
changes. Preoperative cardiac catheterization 
data are summarized in the Table. Angiocardiog- 
raphy showed a dilated left ventricle with mild to 
moderate left ventricular hypokinesia. The aortic 
valve was heavily calcified. The coarctation was 
just distal to the left subclavian artery, and the 
aortogram showed little collateral circulation. 
Mild aortic regurgitation was seen in the su- 
pravalvular aortogram. 

The patient was placed on partial cardiopul- 
monary bypass (femoral artery-femoral vein), 
and a modified commercially available 22 mm 
Hancock Model 100 prosthesis was inserted, as 
shown in Figures 1 and 2A, B. The coarctation 
was repaired by means of the patch graft aor- 
toplasty technique (Fig 3). The patient's post- 
operative course was essentially uncompli- 
cated, and he was discharged on the eighteenth 
postoperative day. He was evaluated six 
months postoperatively and was asymptomatic. 
Postoperative catheterization data are sum- 
marized in the Table. A pullback pressure mea- 
surement revealed no gradient across the co- 
Left cineangiography 


arctation. ventricular 
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Preoperative and Six-Month- Postoperative 
Catheterization Data 








6 Months 
Pre- Post- 

Determination operative operative 
PAP (mm Hg) 70/38 42/15 


PAP, wedge (mm Hg) 38 13 


LVP (mm Hg) 220/20 160/0 
Prox. AoP (mm Hg) 135/80 130/80 
Dist. AoP (mm Hg) 80/65 130/80 
LVEDP (mm Hg) 40 13 
EF 0.33 0.69 
CI (L/min/m?) 4.3 CN I 





PAP = pulmonary artery pressure; LVP = left ventricular 
pressure; AoP = aortic pressure; LVEDP = left ventricular 
end-diastolic pressure; EF = ejection fraction; CI = cardiac 
index. 


showed marked improvement in left ventricular 
contractility, as shown by improvement of the 
ejection fraction from 0.31 to 0.61 and by the 
decrease in left ventricular end-diastolic pres- 
sure. Contrast medium injected into the left 
ventricle was ejected through both outflow 
tracts. A chest roentgenogram obtained six 
postoperatively revealed decreased 
cardiomegaly. Since a heterograft was used in 


months 


Fig 1. The apicoaortic prosthesis. 


the conduit, the patient was not given antico- 
agulants. 


Prosthesis 


The prosthesis that was utilized in our patient 
was developed after extensive laboratory inves- 
tigation [4] (see Fig 1). The cloth-covered, wire- 
reinforced segmented polyurethane elbow stent 
is designed to project 5 mm into the left ventricu- 
lar cavity and prevent collapse of the conduit 
during ventricular systole. The cloth covering 
promotes a good seal between myocardium and 
prosthesis and at the same time promotes tissue 
ingrowth and thus lessens the chance for throm- 
bus formation around the intraventricular lip of 
the stent. The stent has a sewing ring for attach- 
ment to the left ventricular apex with pledgeted 
mattress sutures placed at equidistant points 
about the left ventriculotomy. The rigid right- 
angled turn in the stent facilitates attachment to 
the descending thoracic or suprarenal abdominal 
aorta without kinking the conduit. The Hancock 
Model 100 valved conduit has been experimen- 
tally shown to withstand left heart pressures for 
periods of up to two years, and currently it is the 
preferred valved conduit for apicoaortic anas- 
tomosis [4-6]. 

The advantages of our prosthesis are that (1) 
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Fig 2. (A) End-to-side aortic anastomosis using tiny in- 
traaortic pledgets. (B) An obturator ts passed through the 
left atrial appendage and into the apex of the left ventricle. 
Counterpressure is exerted on the obturator while a circular 
piece of myocardium is excised with a cork bore. The ob- 
turator occludes the ventriculotomy while the left ventricu- 
lar stent is placed over the tip of the obturator. Both ob- 
turator and stent are drawn back into the left ventricle. The 
stent is held in place with pledgeted sutures placed at 
equidistant points about the ventriculotomy and through 
the sewing ring of the stent while the obturator is removed 
from the left atrial appendage. 





Fig 3. Completion of conduit insertion and patch angio- 
plasty repair of the coarctation. 





the external surface of the stent is cloth covered, 
and the likelihood of thrombus formation about 
the interventricular lip is thereby decreased; (2) 
the stent extends into the left ventricular cavity 
far enough to prevent muscular obstruction of 
the stent at the endocardium but does not inter- 
fere with papillary muscle function; and (3) the 
rigid angled contour of the stent facilitates anas- 
tomosis to the descending thoracic or supraceliac 
abdominal aorta without kinking the conduit. 


Comment 


The association of bicuspid aortic valve and 
coarctation of the thoracic aorta is well known. 
Congenital bicuspid aortic valve has been found 
postmortem in 85% of patients with coarctation 
of the aorta [8], but only 2.2% of these patients 
had significant aortic stenosis [1]. However, the 
percentage of patients with coarctation of the 
aorta and bicuspid aortic valve eventually requir- 
ing repair or replacement is unknown.* The fact 
that there are only isolated reports in the litera- 
ture of patients who have had both lesions re- 
paired indicates how infrequently aortic valve 
repair or replacement is performed in patients 
with coarctation of the aorta. The majority of 
these patients underwent staged operations. 
Aortic valvotomy or aortic valve replacement 
was carried out first, since congestive heart fail- 
ure has been reported to occur when the coarcta- 


*Edwards JE: Personal communication, 1977. 
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tion is repaired initially [9, 11]. A few patients 
underwent simultaneous repair through two 
separate incisions. The disadvantages of a staged 
procedure or a simultaneous repair through two 
separate incisions point out the advantages of 
repairing both lesions simultaneously through 
one incision in selected patients. The use of an 
apicoaortic anastomosis in conjunction with 
patch aortoplasty enables one to relieve both 
obstructions simultaneously through one inci- 
sion with minimal morbidity. An additional ad- 
vantage of this technique is that it allows for 
insertion of a relatively large prosthesis in a pa- 
tient who has a small aortic root, as ours did. 

The concept of apicoaortic anastomosis is not 
new. However, despite extensive laboratory in- 
vestigation [3, 4, 7, 10] the method has not been 
widely used clinically. In 1962 Templeton used 
the technique in 5 patients with severe aortic 
stenosis and employed a rigid lucite tube con- 
taining a Hufnagel valve.* Two patients survived 
long term, 1 patient living thirteen years. No 
further use of this technique was reported until 
- 1975, when Bernhard and associates [2] inserted 
a rigid apicoaortic prosthesis into a patient with a 
tunnel aortic stenosis. The prosthesis consisted 
of a stainless steel tube covered with flocked 
Dacron fibrils. A porcine xenograft glutaral- 
dehyde-treated tissue valve was mounted in a 
tube graft and interposed between the rigid 
prosthesis, which had been inserted into the 
left ventricle, and the thoracic aorta. 

In 1976 Dembitsky and Weldon [6] reported 
their successful experience with 2 patients in 
whom a polyester woven prosthesis bearing a 
glutaraldehyde-treated porcine aortic valve was 
inserted between the apex of the left ventricle 
and the infrarenal abdominal aorta. The inlet 
tube was a cloth-covered straight metal cylinder. 
Also in 1976, Cooley and associates [5] reported 
their experience with 9 patients who underwent 
surgical relief of left ventricular outflow tract 
obstruction with an apicoaortic valve conduit. 
The prosthesis consisted of a straight, rigid stent 
of Pyrolite carbon attached to a Teflon sewing 
ring and a Dacron fabric graft containing a 
glutaraldehyde-preserved porcine valve. The 
distal anastomosis was to the abdominal aorta 
above the level of the celiac artery. Postoperative 


"Templeton JY: Personal communication, 1974. 


catheterization in the patients reported by 
Cooley and associates showed that these grafts 
reduced the aortic valve gradient by approxi- 
mately 9096, or an average of 100 mm Hg. A 
similar favorable hemodynamic response oc- 
curred in our patient and other reported patients. 

The simultaneous repair of aortic stenosis and 
coarctation of the aorta by apicoaortic anas- 
tomosis and patch aortoplasty allows correction 
of both aortic stenosis and coarctation of the 
aorta through a single incision, a left tho- 
racotomy. We recommend this method as an 
alternative approach in adult patients with this 
combination of lesions or in children in whom it 
is not possible to perform an aortic valvoplasty. 
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Valve Placement in the Ventricular Apex 
for Complicated Left Ventricular Outflow Obstruction 


Gordon F. Murray, M.D. 


ABSTRACT Successful correction of severe valvular 
calcific aortic stenosis is described in which a stented 
porcine aortic heterograft was placed in the ventricu- 
lar apex. Creation of a double outlet is a valid alterna- 
tive approach to relieve left ventricular hypertension, 
and indication for such a procedure may be encoun- 
tered unexpectedly. Intramyocardial placement of a 
durable tissue valve provides a simple and effective 
option for the cardiac surgeon. 


Predictable relief of extreme obstruction to left 
ventricular outflow by interposition of a valve- 
bearing conduit between the ventricular apex 
and the aorta has recently been demonstrated [2, 
5, 6 8, 9]. A compelling indication for use of the 
procedure is congenital hypoplasia of the left 
ventricular outflow tract, which cannot be 
relieved by conventional techniques [5, 6]. 
Acquired aortic stenosis with severe annular 
narrowing or aortic calcification, or both, or a 
difficult prosthetic valve replacement are 
additional indications for such an operative ap- 
proach [8], and may be encountered unexpect- 
edly. This report describes successful correction 
of severe calcific aortic stenosis by placement of 
a stented porcine aortic heterograft* in the ven- 
tricular apex. Intramyocardial placement of the 
heterograft with external support utilizes a dura- 
ble tissue valve and eliminates the requirement 
for a specially designed rigid ventricular insert. 


A 65-year-old woman was admitted to North 
Carolina Memorial Hospital for the first time in 
October, 1965, for evaluation of a heart murmur 
and vague symptoms of easy fatigability and 
dyspnea. Cardiac catheterization demonstrated 
aortic stenosis with a valve area of 0.9 cm’. 
Operative correction was recommended, but re- 
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fused by the patient. Her clinical status re- 
mained stable until November, 1976, when 
progressive symptoms of orthopnea, paroxys- 
mal nocturnal dyspnea, peripheral edema, and 
dyspnea on exertion confined her to bed and 
necessitated hospitalization elsewhere. Despite 
intractable congestive heart failure with severe 
dyspnea and swelling of the ankles and abdo- 
men, the patient continued to refuse operation 
until February 16, 1977, when consent for cardiac 
catheterization was obtained and the patient 
was transferred in extremis to North Carolina 
Memorial Hospital. 

Shortly after the patient's admission, right and 
left heart catheterization revealed severe calcific 
aortic stenosis and left ventricular dysfunction. 
Pulmonary artery pressure was 65/35 mm Hg and 
capillary wedge pressure was 33 mm Hg. The left 
ventricular pressure was 200/44 mm Hg with a 
low mean systemic pressure of 70 mm Hg. Aortic 
valve area was calculated to be 0.2 cm’. The left 
ventricular ejection fraction was 0.2 with a car- 
diac index of 1.2 liters per minute per square 
meter of body surface area. 

On March 18, exploration was carried out 
through a median sternotomy. Extensive calcifi- 
cation of the aortic root and ascending aorta was 
noted, and valve replacement in the subcoronary 
position was not considered feasible. Therefore, 
the midline incision was extended into the ab- 
domen and a preclotted 25-mm woven Dacron 
graft was sewn end-to-side to the supraceliac 
abdominal aorta. Cardiopulmonary bypass was 
then instituted, and a measured core of ventricu- 
lar muscle equal to a No. 23 porcine aortic valve 
sizer was removed at the apex. A No. 23 porcine 
aortic valve heterograft was then secured within 
the myocardium with interrupted mattress su- 
tures reinforced with Teflon pledgets (Fig 1A). 
The Dacron graft was passed through a small 
aperture created in the diaphragm and was su- 
tured over the tissue valve to establish ven- 
triculoaortic continuity (Fig 1B). A running su- 
ture included the Dacron graft, the sewing ring of 
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Fig 1. (A) A durable porcine aortic valve heterograft is se- 
cured at the apex of the left ventricle. (B) Ventriculoaortic 
continuity is established with a Dacron graft. (C) Coronary 
revascularization may be accomplished with a reversed 
saphenous vein graft. 


the valve, and the Teflon pledgets on the epicar- 
dial surface. There was no difficulty with hemo- 
stasis, and cardiopulmonary bypass was readily 
discontinued. Intraoperative left ventricular 
pressure was 100/8 mm Hg, and simultaneous 
systemic pressure measured at the radial artery 
was 110/70 mm Hg. Hence there was no remain- 
ing pressure gradient across the aortic valve. 
The patient’s immediate postoperative course 
was tenuous and complicated by her extreme 
debility. She required tracheal intubation on sev- 
eral occasions for removal of secretions. How- 
ever, one month after the procedure she was 
considerably improved and able to return to the 
care of her family. Symptoms and signs of con- 
gestive heart failure were easily controlled with 
digoxin, 0.125 mg each day, and mild diuresis. 









On June 3, 1977, the patient returned to the clinic 
free from edema and pleural effusions and with- 
out orthopnea or dyspnea on exertion (Fig 2). 
Auscultation revealed a soft apical ejection 
murmur and a clear sound of prosthetic valve 
closure. No diastolic murmur was heard at the 


apex. Four months after operation the patient 
was able to do housework without symptoms 
and had an excellent appetite. 


Comment 


The pioneering clinical efforts of Templeton [11] 
and Bernhard and associates [2] demonstrated 
technical application of a valve-bearing conduit 
interposed between the apex of the left ventricle 
and the aorta to relieve left ventricular hyperten- 
sion. Of late, the group at the Texas Heart Insti- 
tute [8] has established that effective, reproduc- 
ible relief of extreme left ventricular outflow tract 
obstruction may be achieved by this approach. 
Apicoaortic valved conduits were initially in- 
serted for relief of obstruction at the annular and 
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Fig 2. (A) Postoperative chest roentgenogram on June 3, 
1977, shows heterograft valve in place at the apex of the left 
ventricle. (B) Extensive calcification of the aortic root ts 
seen on lateral projection. 


supravalvular areas [2, 8]. Subsequently, Dem- 
bitsky and Weldon [5] and Reder and as- 
sociates [9] constructed double-outlet left ventri- 
cles for diffuse muscular subaortic stenosis. The 
application of left ventricular and biventricular 
extracardiac conduits in four types of complex 
congenital anomalies has recently been dis- 
cussed by McGoon [6]. The advantage of an 
extracardiac valved conduit is immediately ap- 
parent when relief of complicated left ventricular 
obstruction is required in the child and young 
adult. It is reasonable to assume that all available 
prosthetic or tissue valves will eventually require 
replacement; with this in mind, Norman and as- 
sociates [8] have stressed the importance of plac- 
ing the valve beneath the diaphragm to avoid 
thoracic reentry. 

Whereas an extracardiac conduit has advan- 
tages over plastic reconstruction of the aortic root 
because it allows valve replacement in the sub- 
coronary position in children, this concept is less 


B 


cogent with valve placement at the apex in the 
adult with acquired life-threatening aortic 
obstruction. Extensive experience has shown the 
stented porcine aortic heterograft to be a remark- 
ably durable tissue valve. Stinson and co- 
workers [10] reported that 98% of 167 patients 
who underwent aortic valve replacement were 
free of porcine aortic heterograft valve dysfunc- 
tion at an interval of three years, and no intrinsic 
pathological involvement of the heterograft tis- 
sue was documented. In contrast, the unstented 
porcine valve in a Dacron graft is not well sup- 
ported, and the commercially available Hancock 
prosthesis was designed for use in the low- 
pressure pulmonary circulation. Bernhard [1] 
reported the development of insufficiency in a 
heterograft conduit valve 18 months after opera- 
tion in his first patient, and has suggested the 
possibility of improving external support of the 
valve commissures. Direct placement in the ven- 
tricular apex of a tissue valve with recognized 
durability, as described here, would seem a sim- 
ple and readily available alternative. 

Optimal diversion of left ventricular flow with 
a valve-bearing conduit is thought to require a 
specially designed rigid left ventricular insert [5, 
8, 9]. In their initial experience with 4 patients, 
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Cooley and associates [4, 8] sutured the deform- 
able Dacron conduit directly to the left ven- 
tricle. Although satisfactory management was 
achieved, postoperative angiograms showed 
compression of the grafts by the myocardium 
during midsystole, and a special rigid insert was 
subsequently developed. The desirability of a 
rigid inlet tube for the ventricle is also suggested 
by the laboratory work of Brown and co-workers 
[3], who demonstrated eventual muscular occlu- 
sion of an apical prosthesis that did not reach the 
endocardial surface. To date, left ventricular api- 
cal insert prostheses of methyl methacrylate [11], 
stainless steel [2, 5], carbon [8], and polyurethane 
[9] have been reported in clinical use. As demon- 
strated in this report, when severe aortic calcifi- 
cation or other extreme difficulty is encountered 
unexpectedly, a stented porcine aortic hetero- 
graft also may serve as the ventricular insert (see 
Fig 1A). The stellite ring-reinforced annulus of 
the stent is secured at the level of the ventricular 
endocardial surface to provide a smooth inflow 
orifice. The flexible polypropylene Dacron- 
covered stent is encompassed by the Dacron 
graft to discourage muscular encroachment on 
the central-flow prosthesis (see Fig 1B). Thus, 
intramyocardial placement of the valve elimi- 
nates the need for a specially designed apical 
insert and provides a simple and effective option 
for the surgeon. 

A concurrent indication for coronary revas- 
cularization can be anticipated in the adult pa- 
tient selected for a left ventricle-aorta conduit. 
Norman and associates [8] have, in fact, per- 
formed double reversed saphenous vein coro- 
nary bypass grafts from a composite conduit in a 
patient with calcific aortic stenosis and extensive 
calcification of the ascending aorta. The autolo- 
gous saphenous vein grafts were anastomosed 
to the conduit distal to the porcine valve in the 
abdomen and passed retrograde through the 
diaphragm. Performing the distal conduit aortic 
anastomosis in the left chest [9] would also re- 


quire a long and tortuous route for vein grafts to 
the appropriate coronary arteries. The current 
technique of intramyocardial placement of the 
valve would allow origin of a vein graft at the 
apex within the pericardium (see Fig 1C). The 
short, protected course of the saphenous graft 
should simplify the revascularization procedure 
and lessen the opportunity for kinking or com- 
pression of the vessel. 
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Coronary Artery Aneurysm 


Steven Z. Glickel, M.D., Peter R. Maggs, M.D., and F. Henry Ellis, Jr., M.D., Ph.D. 


ABSTRACT The case is presented of a 28-year-old 
woman with systemic vasculitis, aortic insufficiency, 
and an aneurysm of the proximal right coronary ar- 
tery. More than 100 patients with coronary artery 
aneurysm have been reported, and this represents the 
twenty-first case treated surgically. Coronary artery 
aneurysms occur more frequently than previously 
realized and are seen in approximately 1.5% of pa- 
tients with coronary artery disease. In addition to 
arteriosclerotic aneurysm, other common types of 
coronary aneurysm include those occurring congeni- 
tally or from mycosis, dissection, trauma, vasculitis, 
or periarteritis nodosa. Because of the risk of throm- 
bosis and rupture, aneurysmectomy and saphenous 
vein bypass grafting are recommended for all but 
small, diffuse, or multiple aneurysms or dissecting 
aneurysms. 


Morgagni [22] published the first pathological 
description of an aneurysm of the coronary ar- 
tery over 200 years ago, and more than 140 pa- 
tients have now been reported [1, 6, 14, 26—28]. 
One of the first patients correctly diagnosed 
preoperatively and treated by aneurysmectomy 
was reported less than 10 years ago [3]; since 
then 19 more reports óf coronary artery 
aneurysm treated surgically have appeared, to 
which we add another. 


A 28-year-old woman with a history of 
fatigue, polyarthralgia, anemia, and low-grade 
fever was thought to have an autoimmune dis- 
ease resembling systemic lupus erythematosus.” 
Chest pain had occurred two years before ad- 
mission, and when it became associated with 
the murmur of aortic regurgitation, the patient 
underwent cardiac catheterization and coronary 
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arteriography. A localized aneurysm of the prox- 
imal right coronary artery, measuring 1.5 x 2.0 
cm, and a dilated aortic root with 2+ aortic re- 
gurgitation were noted (Fig 1). Surgical removal 
was advised. 

At operation the heart was exposed through a 
median sternotomy. The aorta was dilated to a 
diameter of 7 cm, and its walls were clearly 
thickened and surrounded with fibrous reac- 
tion. The aneurysm, clearly visible in close prox- 
imity to the base of the aorta (Fig 3), was dis- 
sected free, and the right coronary artery above 
and below it was isolated with heavy silk liga- 
tures (Fig 2). Temporary occlusion of the right 
coronary artery had no effect on the electrocar- 
diogram. In view of the patient's aortic insuf- 
ficiency, saphenous vein bypass to the right 
coronary artery distal to the aneurysm was ac- 
complished rapidly without cardiopulmonary 
bypass. The proximal end of the reversed seg- 
ment of saphenous vein from the right lower leg 
was anastomosed to the ascending aorta. After 
coronary artery blood flow was established 
through the graft, the aneurysm was resected, 
the right coronary artery being ligated proximal 
and distal to it. 

Pathological examination of a small section of 
the resected aorta from the proximal anastomotic 
site showed fibrosis and glycoprotein replace- 
ment of the intima and media consistent with 
granulomatous aortitis. Pathological examina- 
tion of the aneurysm showed glycoprotein and 
collagen replacement of intima and media with 
degeneration and inflammation of adventitia 
(Fig 4). 

An inferior myocardial infarction was noted 
on the postoperative electrocardiogram, but the 
patient recovered uneventfully and was dis- 
charged with relief of previous chest discomfort. 
She remained well one year after operation. 


Comment 
Pathogenesis 


Packard and Wechsler [24] in 1929 reviewed 
aneurysms of the coronary arteries. They pre- 
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Fig 1. Left anterior oblique view of right coronary 
arteriogram. A 1.5 X 2 cm aneurysm is seen arising 
from the artery immediately distal to its ostium. The 
distal vessel appears normal. 


sented 31 cases but excluded those caused by 
periarteritis nodosa. Their analysis of the cause 
of previously reported cases of aneurysms of the 
coronary artery classified the majority as mycotic 
embolic, resulting from bacterial endocarditis of 
the aortic valve, and most of the rest as ar- 
teriosclerotic. Packard and Wechsler also de- 
fined pure mycotic and traumatic aneurysms 
and presented an example of each. The retro- 
spective nature of the classification makes it 
suspect. Of interest is that 5096 of their patients 
died from rupture of the aneurysm. A more re- 
cent review by Scott in 1948 [30] included 47 
cases—1 of his own and 46 retrospective—which 
he divided into congenital (15 patients), mycotic 
embolic (12 patients), arteriosclerotic (6 pa- 
tients), syphilitic (6 patients), acute rheumatic 
fever (1 patient), mycotic (1 patient), and 6 un- 
classified. He also excluded those aneurysms 
caused by periarteritis nodosa. In the case we are 
reporting, the aneurysm was thought to be the 
result of systemic vasculitis.* 


"Steinberg D: Personal communication, 1977. 


Fig 2. Aneurysm prior to removal. 


In periarteritis nodosa, a more specific vas- 
culitis, multiple aneurysms occur throughout 
the small arteries [6, 32] possibly including the 
coronary arteries, which may be involved to a 
greater or lesser extent. The significance of coro- 
nary aneurysms is generally overshadowed by 
that of the other manifestations of the disease, 
although the aneurysms may cause myocardial 
infarction [25] or tamponade due to rupture, par- 
ticularly when the disease occurs in childhood 
[17, 21]. A recent report by Glanz and associates 
[13] noted the similarity of mucocutaneous 
lymph node syndrome (which is strikingly simi- 
lar to polyarteritis nodosa of infancy), in which 
deaths are caused by the complications of coro- 
nary artery aneurysms. Patients who survive 
with this condition show regression of their 
aneurysms, although they are left with residual 
abnormality of the coronary vessels. The long- 
term significance of this abnormality is not 
known. 


Incidence 


The true incidence of coronary artery aneurysm 
is probably underestimated. In 1963 Daoud and 
associates [7] reviewed the literature up to that 


374 










Vo 


"i Aneurysm of 









Qa first part of 


A WA Rt.coronory a. 1 E 
i RV b SRE 








Fig 3. Appearance of the aneurysm when the 
pericardium was opened. 


time and conducted a prospective search of 694 
routine autopsies in adults that revealed 10 
hearts (1.4%) with coronary artery aneurysms, 
all of which were asymptomatic. These authors 
commented on the frequent association of 
aneurysms of the coronary artery with 
aneurysms of the abdominal aorta, which were 
present in 8 of 10 patients and were often the 
cause of death. At least 5 of the patients reported 
in the previous literature had died of ruptured 
abdominal aneurysms, and the total incidence of 
association is probably higher. A more recent 
prospective report documented an incidence of 
1.5% of coronary aneurysms in an unselected 
catheterization series of 732 patients [10], and 
Alford and co-workers [1] noted an incidence of 
2.24% of arteriosclerotic aneurysms in 1,654 pa- 
tients undergoing coronary bypass grafting. 


Symptoms 


Symptoms of coronary artery aneurysms are 
usually those of coronary insufficiency, which 
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Fig 4. Photomicrograph of the wall of the aneurysm 
demonstrating acute degeneration and inflammation 
of adventitia. (H&E; original magnification X400.) 


appears to result from embolism of intramural 
clot into the distal arterial tree causing small 
areas of infarction, or else of total obliteration of 
the aneurysm, resulting in a larger myocardial 
infarction. Evidence of occlusion of these 
aneurysms by clot has been offered by several 
authors [9, 15, 31]. Rupture of the aneurysm with 
tamponade has not been diagnosed preopera- 
tively, although its incidence in postmortem se- 
ries is about 10%. The mean age of patients 
treated surgically is 37 years, and most of the 
aneurysms were considered to be congenital. 
The majority of those aneurysms in the autopsy 
series of Daoud and associates [7] were consid- 
ered to be arteriosclerotic. This implies that so- 
called congenital aneurysms are more likely to 
manifestations leading to 
catheterization and surgical intervention than 
are arteriosclerotic aneurysms. In the patient of 
Mattern and associates [19], repeat catheteriza- 
tion two years after operation showed progres- 
sion of the congenital aneurysm, while a patient 
of van den Broek and Segal [33] had occlusion of 
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a congenital aneurysm with myocardial infarc- 
tion documented by repeat coronary arteriog- 
raphy at a four-month interval. 

Clinical signs of coronary artery aneurysms 
include murmurs, which are usually diastolic, 
sometimes continuous, and seldom loud [35]; 
abnormal cardiac silhouette or mural calcifica- 
tion on radiography; and evidence of cardiac 
enlargement, heart failure, or myocardial infarc- 
tion. Coronary arteriography is obviously the 
definitive diagnostic procedure. 


Treatment 


Because of the predisposition to thrombosis and 
embolism as well as the predilection for rupture 
with certain death, optimal treatment for large or 
saccular aneurysms is surgical removal. The spe- 
cific operation indicated depends on the indi- 
vidual anatomical situation. In single localized 
aneurysms, as in the case reported here, resec- 
tion of the aneurysm with saphenous vein 
bypass grafting from the aorta to the distal arte- 
rial tree is probably best. While extracorporeal 
circulation is usually necessary, it was not used 
in our patient because we feared that aortic valve 
replacement might be necessary to wean the pa- 
tient from the pump owing to the presence of 
aortic insufficiency. Aneurysms that are more 
diffuse (characteristic of the arteriosclerotic 
aneurysm as opposed to the congenital 
aneurysm) should be treated by a saphenous 
vein bypass graft to the main vessels distal to the 
aneurysm. In addition, because several authors 
[9, 15, 34] have reported finding a friable clot 
inside the aneurysm at operation and have ex- 
pressed fear of distal embolization or total occlu- 
sion, aneurysmectomy or ligation of the artery 
distal to the aneurysm should be performed. 
In an early report of surgical treatment of a 
coronary artery aneurysm, that by Bjórk and 
Bjork in 1967 [3], a huge, tortuous intramural 
aneurysm of the left anterior descending coro- 
nary artery was obliterated by sutures with use 
of extracorporeal circulation. In the second re- 
ported case the patient was operated on by the 
same surgeon [11], also under cardiopulmonary 
bypass, and the operation consisted of exclusion 
of a small blind saccular aneurysm of the dilated 
left anterior descending artery with repair of the 
artery. The next reported case was that of a 17- 
year-old patient with a mycotic aneurysm of the 


left coronary artery which was resected [5]; a 
second operation was performed three months 
later for resection of an enlarging mycotic 
aneurysm of the right coronary artery, but 
operative details were not given. 

In 1971 Ebert and associates [9] reported a vein 
grafting procedure in a 31-year-old woman with 
an 8 X 5 cm aneurysm of the circumflex artery 
which was resected and bypassed with an inter- 
posed saphenous vein. Since that time, 16 more 
cases of aortocoronary bypass grafting, with or 
without resection of the aneurysm, have been 
reported [2, 8—10, 12, 15, 19, 23, 31, 34]. The 
twenty-first case of coronary artery aneurysm 
treated by surgical resection is reported here. 

Resection is not indicated for small aneurysms 
or areas of ectasia associated with severe ar- 
teriosclerotic coronary artery disease. However, 
follow-up study is mandatory because these 
aneurysms may become enlarged and systemic 
disease may be present. Investigation should 
include the abdominal aorta, which is often the 
site of aneurysm formation. 

Dissecting aneurysms of the coronary arteries 
are probably not amenable to operation. They 
are associated with Marfan's syndrome and also 
occur in young women in the immediate post- 
partum period [4, 18, 20, 29]. None of the re- 
ported cases was diagnosed antemortem. 

One traumatic aneurysm has been reported 
[16] in which a shotgun pellet perforated the left 
anterior descending artery and caused an 
aneurysm confirmed by coronary arteriography. 
This patient did not undergo specific treatment. 

Owing to the systemic manifestations of the 
disease, operation is probably not indicated for 
coronary artery aneurysms occurring as a result 
of periarteritis nodosa, and no cases of surgical 
treatment have been reported. Surgical resection 
and saphenous vein bypass grafting are thus 
recommended for large aneurysms of the coro- 
nary arteries except as described. 
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Subclavian—Coronary 


Artery 


Anastomosis in 


Infancy for the Bland-White-Garland Syndrome: 
A Two-Year Angiographic Follow-up 


Yasuyuki Suzuki, M.D., Togo Horiuchi, M.D., Eiji Ishizawa, M.D., 
Tetsuo Sato, M.D., Morikuni Fukuda, M.D., and Hidemitsu Kakihata, M.D. 


ABSTRACT A 6-month-old female infant with 
anomalous origin of the left coronary artery under- 
went an end-to-end anastomosis of the left subcla- 
vian artery to the left coronary artery. A cuff of the 
pulmonary artery was used for the anastomosis. The 
child continued to have mitral regurgitation but has 
done well with medical treatment over the last four 
years. Cardiac catheterization 26 months after opera- 
tion confirmed a patent graft without narrowing, im- 
proved contractility of the left ventricle, normal 
end-diastolic pressure of the left ventricle, and per- 
sistent mitral regurgitation. This technique is appli- 
cable in infants regardless of the size of the left coro- 
nary artery. 


The majority of patients with anomalous origin 
of the left coronary artery from the pulmonary 
artery die in their first year [17]. An anastomosis 
between a systemic artery and the anomalous 
left coronary artery (ALCA) appears to be the 
best method of treatment [6, 15]. Since Meyer 
and associates [10] described successful restora- 
tion of two coronary artery systems in a 
4-month-old baby, revascularization of the 
ALCA in infancy has been documented [4, 7-9, 
11, 13, 16]. However, there is a lack of informa- 
tion regarding long-term follow-up. 

In 1973 we performed a successful sub- 
clavian-left coronary artery anastomosis on a 
6-month-old girl with anomalous origin of the 
left coronary artery from the pulmonary artery 
[8]. The purpose of this report is to describe the 
long-term results, including angiographic 
study, two years after the operation. 
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A 5-month-old girl was admitted to the To- 
hoku University Hospital on October 25, 1973, 
with difficulty in feeding and tachypnea. A 
heart murmur and cardiac enlargement had 
been noticed two weeks prior to admission. 
Physical examination revealed a well-developed 
(7 kg), acyanotic girl in no acute distress. The 
respiratory rate was 50 to 60 per minute and 
heart rate, 140 per minute. There was a grade 3/6 
pansystolic murmur at the apex, and the pulmo- 
nary second sound was accentuated. There were 
no rales, nor any peripheral edema. 

A chest roentgenogram showed marked car- 
diac enlargement (cardiothoracic ratio, 72%). 
An electrocardiogram showed a Q wave in leads 
aVL, V;, and V,, and a negative T wave in leads I 
and aVL. 

Retrograde cardiac catheterization and a left 
ventriculogram showed a moderate increase (20 
mm Hg) in left ventricular end-diastolic pres- 
sure (LVEDP), marked mitral regurgitation, en- 
largement of the left ventricle and the left atrium, 
and poor contractility of the left ventricle (Fig 1). 
An aortogram demonstrated a single dilated 
right coronary artery originating from the aorta 
with the left coronary artery draining into the 
pulmonary trunk (Fig 2). 

An operation was performed on November 8. 
The left coronary artery, visualized through a 
median sternotomy, was seen to arise from the 
posterior aspect of the pulmonary artery. There 
was no significantly infarcted area. The left sub- 
clavian artery was identified at the apex of the 
left chest and was dissected free. Its branches 
were doubly ligated and divided. 

With the patient on total cardiopulmonary 
bypass, a patent ductus arteriosus was ligated 
and the left coronary artery was excised from the 
pulmonary artery together with a cuff of the 
pulmonary vessel 6 mm in diameter. The distal 
end of the left subclavian artery was spatulated 
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A 


Fig 1. Left ventriculogram before operation. (A) Diastolic 
phase and (B) systolic phase. (LA = left atrium; LV = 
left ventricle.) 


to enlarge the anastomosis. An end-to-end anas- 
tomosis was performed with continuous 6-0 
nylon monofilament suture. The external 
diameters of the distal left subclavian artery, the 
anastomotic site, and the main left coronary ar- 
tery were 4, 5, and 2.5 mm, respectively. The 
pulmonary arteriotomy was closed without a 
patch. The mitral regurgitation was left alone 
since the heart took over the circulation quite 


well. Mean graft flow was 80 ml per minute as 


Fig 2. Aortogram before operation. (A) Initial stage and 
(B) one second after A. 


measured by an electromagnetic flowmeter. The 
mean left atrial pressure was 22 mm Hg. 

The patient’s recovery was uneventful. The 
Q wave on her electrocardiogram disappeared 
in the early postoperative period. Respiration 
became slow and deep. She was discharged on 
the forty-sixth postoperative day and continued 
to do well with medical treatment in spite of a 
mitral regurgitant murmur and rather frequent 
upper respiratory tract infections. 

Cardiac catheterization was performed 26 
months after the operation when her body 
weight was 12.4 kg. The Table shows the results 
of that study. The left ventriculogram revealed 
good contractility of the left ventricle and grade 
4 mitral regurgitation (Fig 3). Injection of con- 
trast medium into the aortic arch showed the 
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Hemodynamic Data 26 Months after Operation 








Mean 
Sampling Site Pressure Value 
Right atrium 6 
Right ventricle 38/6 
Pulmonary artery 38/5 21 
Pulmonary artery wedge 15 
Left ventricle 95/10 
Aorta 90/44 70 


subclavian-coronary artery anastomosis to be 
patent and without evidence of segmental nar- 
rowing (Fig 4). The electrocardiogram taken at 
that admission showed essentially the same 
findings as those obtained 6 months after the 
operation. The cardiothoracic ratio was 60%. 

Because of the normal LVEDP and the child’s 
relatively stable clinical state, operation on the 
mitral valve was deferred. The patient was doing 
well four years after the operation. 


Comment 

Surgery should be considered in infancy for the 
majority of patients with anomalous origin of 
the left coronary artery from the pulmonary ar- 
tery since survival past the first year of life is 
quite rare in spite of medical treatment [17]. 


Fig 3. Left ventriculogram 26 months after operation. (A) 
Diastolic phase and (B) systolic phase. 


Ligation of the ALCA at its origin has been 
less effective in infants with this disease [1, 
12]. Cooley and associates [3] used a Dacron or 
saphenous vein graft between the aorta and 
ALCA to achieve a two-coronary-artery system. 
The indication for this method is limited, how- 
ever, to patients more than 2 years of age. Fur- 
thermore, El-Said and colleagues [5] and 
Chiariello and his co-workers [2] have suggested 
that obliterative changes might occur in the vein 
graft in children who are apparently free from 
atherosclerotic coronary artery disease. 

Creation of the two-coronary-artery system in 
infancy was achieved in 1968 by Meyer and his 
associates [10] by anastomosing the left subcla- 
vian artery to the ALCA. Pinsky and colleagues 
[13] also reported 2 successful cases in infancy. 
Subsequent reports described the use of free 
grafts of subclavian artery [11] and homograft 
saphenous vein [9]. But no information is yet 
available regarding long-term follow-up. 

Recently, Pinsky and co-workers [14] have re- 
ported a follow-up result. Both their patients are 
still asymptomatic, though 1 had the graft 
occluded five years after operation. The other 
patient had a patent graft three years postopera- 
tively. 

Our patient's mitral regurgitation will require 
operation in the future. However, the graft is 
functioning quite well without any deformity. 
The method of anastomosis employed in the 
present patient is technically quite easy and ap- 
plicable in infants. Long-term angiographic 
follow-up of all such surgically treated cases is 
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Fig 4. Aortogram (with line interpretations) obtained artery from pulmonary artery. Ann Thorac Surg 
after injection of contrast medium into the aortic arch 26 19:443, 1975 
months after operation. (A) Initial phase and (B) late 3. Cooley DA, Hallman GL, Bloodwell RD: Defini- 


phase. (LSA = left subclavian artery; AN = anasto- 
motic site; LCxA = left circumflex coronary artery; 
LAD = left anterior descending coronary artery.) 
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Notice from the American Board of Thoracic Surgery 


The 1979 annual certifying examination of the 
American Board of Thoracic Surgery (written 
and oral) will be held Mar 22-24, 1979, in 
Chicago, IL. Final date for filing application is 
Aug 1, 1978. 


Please address all communications to the Ameri- 
can Board of Thoracic Surgery, 14640 E Seven 
Mile Rd, Detroit, MI 48205. 


Insidious Strut Fractures in a 
DeBakey-Surgitool Aortic Valve Prosthesis 


Stewart M. Scott, M.D., Gulshan K. Sethi, M.D., Donald M. Paulson, P.A., 


and Timothy Takaro, M.D. 


ABSTRACT Recent reports of cage wear occurring 


in DeBakey-Surgitool aortic valve prostheses 
prompted us to examine with image intensification 
all our patients who have had this type of prosthesis 
implanted. One patient, who was asymptomatic, was 
discovered to have a prosthesis with two fractured 
struts. This patient’s prosthetic valve was replaced 
successfully with a stented porcine heterograft pros- 
thesis. Including the valve removed from this patient, 
8 DeBakey-Surgitool aortic valves with structural de- 
fects have been reported to the manufacturer. In the 
absence of a catastrophic event, patients with valves 
having fractured or worn struts may be totally 
asymptomatic, and routine periodic roentgeno- 
graphic examination may be the only way of detect- 


ing strut wear or fracture. 


In June, 1976, we reported the results of a five- 
year experience with the DeBakey-Surgitool aor- 
tic valve prosthesis [3]. In that report on 37 pa- 
tients there were 12 late deaths, none of which 
were related to the structural integrity of the 
prosthesis. However, in October, 1976, Paton 
and Pine [1] published a report of their experi- 
ence with the DeBakey-Surgitool prosthesis in 
which they observed 1 instance of strut wear 
among 29 patients. Their patient had been reop- 
erated upon for outflow tract obstruction due to 
trapping of the poppet at a point of narrowing in 
the ascending aorta. All three struts of the pa- 
tient’s prosthesis were worn at a level 5 to 8 mm 
above the prosthetic ring. In August, 1976, 
Travenol Laboratories acknowledged reports of 6 
mechanically defective DeBakey-Surgitool aortic 
valve prostheses out of 3,300 distributed valves 
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[4]. These 6 included the prosthesis described by 
Paton and Pine and another prosthesis which 
was worn at the apex of the cage. The other 
4 valves were not described. Travenol Lab- 
oratories recommended frequent examina- 
tions of patients with DeBakey-Surgitool pros- 
theses and the use of an image amplifier to 
detect evidence of strut wear. This procedure 
was begun on all our patients with DeBakey- 
Surgitool aortic valve prostheses even though at 
that time no patient was known to have clinical 
evidence of valve dysfunction. Asa result of this 
follow-up procedure, 1 patient was found to 
have a valve cage with two fractured struts. A 
description of this patient's clinical course is the 
basis of the following report. 


A 46-year-old white man had had acute 
rheumatic fever when he was 18 years old and 
serving in the US Navy. Following recovery in 
1948, he had minimal symptoms but was told 
that two of his heart valves had been damaged. 
Later he developed fatigue and dyspnea, and it 
became apparent that he had significant aortic 
valvular regurgitation. In February, 1972, he was 
admitted to the Veterans Administration Hospi- 
tal in Asheville, NC, at which time he had two- 
block exertional dyspnea, two-pillow orthopnea, 
and paroxysmal nocturnal dyspnea. His blood 
pressure was 120/60. His heart rate was regular, 
and his left heart border was located 3 cm lateral 
to the midclavicular line. Both an S, and 5, gallop 
sound were present. A grade 3/4 holodiastolic 
murmur was heard best in the left second in- 
terspace parasternally, and a grade 2/6 sys- 
tolic murmur was present. The patient's left ven- 
tricle was enlarged on chest roentgenogram, 
and his electrocardiogram showed left ventric- 
ular hypertrophy and nonspecific S-T seg- 
ment changes. Cardiac catheterization was per- 
formed. The central aortic pressure was 150/70, 
left ventricle pressure was 150/16, pulmonary ar- 
tery pressure was 30/12, and pulmonary capillary 
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Fig 1. Roentgenogram of a patient with a DeBakey- 
Surgitool aortic valve prosthesis. Two of the three struts of 
the valve cage are separated from the base of the valve. 


wedge pressure was 10 mm Hg. Aortic valve 
regurgitation was graded as 3+ after supraaortic 
injection of contrast material during cineangi- 
ography; there was no significant mitral valve 
disease. Coronary arteries were normal. 

On February 24, the patient underwent aortic 
valve replacement with a No. 6 type I 
DeBakey-Surgitool aortic valve prosthesis. His 
postoperative course was uncomplicated, and he 
was seen at six-month intervals. He received 
warfarin prophylactically. 

In January, 1977, the patient began to have 
fatigue and dyspnea with exercise. He also de- 
veloped rectal bleeding and anemia. He was 
briefly hospitalized at another institution and 
was found to have hemorrhoids. In March, he 
was seen as an outpatient at the Veterans Admin- 
istration Hospital in Asheville. His symptoms 
had not changed since January, and cardiac ex- 
amination was consistent with a normally 
functioning aortic valve prosthesis. He had a 
grade 1/6 systolic ejection murmur, no diastolic 
murmur, and normal opening and closing valve 
sounds. Because of a warning issued by Travenol 
Laboratories in August, 1976, of possible struc- 


Case Report: Scott et al: Strut Fractures in DeBakey-Surgitool Prosthesis 


Fig 2. DeBakey-Surgitool aortic valve prosthesis removed at 
operation. Fractures are present where the struts were 
angled acutely to attach to the base of the prosthesis (ar- 
rows). 


tural defects in type I and type II DeBakey- 
Surgitool prostheses, the patient was examined 
with a Phillips 6-inch image intensifier. Al- 
though it was unsuspected until this time, two of 
the three struts of the patient's prosthetic valve 
were found to be fractured at the base of the 
prosthesis, and these struts were visibly sepa- 
rated from the sites where they had been at- 
tached (Fig 1). 

The patient was admitted to the hospital, and 
on March 11 the DeBakey-Surgitool valve (Fig 2) 
was replaced with a Hancock No. 27 stented 
porcine heterograft aortic prosthesis. Once again 
the patient had an uncomplicated postoperative 
recovery. 


Comment 


In March, 1977, the prosthesis described in this 
report was returned to the manufacturer. By this 
time 8 mechanical failures of the DeBakey- 
Surgitool valve had been reported to the com- 
pany, 3 of them owing to the separation of two 
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legs from the base of the valve, as occurred in our 
patient. The cause of these strut fractures may 
have been related to the method by which each of 
the valve cages was constructed from a single 
sheet of rolled metal (titanium). Fractures oc- 
curred in struts cut from portions of the metal 
which were perpendicular to the direction in 
which the metal was rolled. Subsequently the 
manufacturer has used only cross-rolled metal, 
that is, metal rolled a second time in a direction 
180 degrees from the original roll. To date no 
fractured struts are known to have occurred in 
valves made from cross-rolled metal. Stress 
studies are in progress to determine the likeli- 
hood of strut fracture in the newer models.* 

So far, all reported deformities of DeBakey- 
Surgitool aortic valve prostheses have been re- 
lated to the cage structure. However, in a recent 
letter to the editor of The Annals of Thoracic 
Surgery, Dr. Bernard Rollin reported a change in 
the radiographic appearance of the poppet in 2 
patients with DeBakey-Surgitool aortic valves 
[2]. One of these patients had recurrent fainting 
attacks, suggesting prosthetic valve dysfunction, 
and was reoperated upon. The valve appeared 
normal at operation. The poppet was opened, 
and it was seen that the tungsten mesh had be- 
come a small, dustlike mass. Although irregular 
jerking sounds had developed in both patients, 
poppet dysfunction was not proved in either 
one. 

We have also noted an irregular radiographic 
shape of the tungsten mesh in poppets of 
DeBakey-Surgitool valves, but we have attrib- 
uted no significance to this appearance. The 
poppets are now constructed as a single-piece 
hollow sphere. A sheet of radiopaque tungsten 
mesh, 1.27 cm square and 0.025 mm thick, is 
rolled and passed into the poppet through a 
small hole. The hole is plugged, and the poppet 
surface is finished. Older models of poppets 


* Artificial Organs Division, Travenol Laboratories, Inc, 
Morton Grove, IL: Personal communication, 1977. 


were constructed from two half-spheres and had 
evenly coated radiopaque inner surfaces. The 
method of construction was changed because 
there was concern that at some point the two 
half-spheres might separate, even though no 
such instance has ever been reported. The 
weight of the tungsten mesh used in the newer 
poppets is insufficient to alter poppet function. 

Though the incidence of known valve failure is 
small for DeBakey-Surgitool valves (8 reports out 
of 3,300 distributed valves), it is important that 
all patients with DeBakey-Surgitool aortic valves 
have frequent radiographic examinations for 
strut fracture. Our routine consists of examining 
each patient every six months with an image 
intensifier. So far, only 1 patient has been dis- 
covered to have a damaged prosthesis. It is 
noteworthy that while two of the three struts of 
this patient's valve cage were fractured, the pros- 
thesis continued to function satisfactorily, and 
the patient had no symptoms which could be 
attributed to the valve. This patient demon- 
strates dramatically that clinical history and 
physical examination are inadequate for detect- 
ing the impending disaster of a completely dis- 
rupted valve cage owing to strut wear. 


Addendum 


Since the submission of this paper, it was reported to 
us that a second patient from our original series had 
a fractured strut, which was detected on routine 
fluoroscopy. He was reoperated on successfully at an- 
other institution. 
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CORRESPONDENCE 


Complications of Combined Brachiocephalic 
and Coronary Revascularization 


To the Editor: 


A number of recent reports have dealt with the per- 
formance of combined carotid endarterectomy and 
myocardial revascularization, including the paper by 
Okies and associates (Ann Thorac Surg 23:560, 1977). 
In each study, neurological complications have oc- 
curred. Okies and associates report a combined mor- 
tality and neurological morbidity of nearly 20% (3 of 
16 patients) but conclude that these complications 
“seemed unrelated to the fact that these procedures 
were done at one operation.” 

We have recently had experience with 4 patients in 
whom combined brachiocephalic and coronary revas- 
cularization was performed. Significant complica- 
tions occurred in each patient: 


1. An innominate artery bypass (8 mm Dacron) and 
triple coronary artery bypass were performed; the 
graft clotted ten days later, requiring reoperation to 
perform an endarterectomy 

2. Innominate endarterectomy, single coronary vein 
graft, and left aorta-subclavian vein bypass were 
performed; the patient sustained a right hemi- 
plegia three days later (from which he completely 
recovered), presumably related to anonobstructive 
ulcerated plaque in the left carotid artery. 

3. Left carotid endarterectomy and triple coronary 
vein grafting were performed; three months later 
the patient’s carotid symptoms recurred, and an- 
giography revealed restenosis of the endarterec- 
tomized carotid artery which required reopera- 
tion. 

4. Aright carotid endarterectomy and triple coronary 
vein graft were performed in a patient with bilat- 
eral carotid stenosis; right hemiparesis occurred on 
the third postoperative day, but recovery was 
complete. Angiography three weeks later showed 
occlusion of the right internal carotid artery at the 
site of endarterectomy. A left carotid endarterec- 
tomy was subsequently performed. 


Thus of 4 patients 2 developed occlusion of the 
carotid endarterectomy, and in a third a Dacron 
bypass occluded during the early postoperative 
period; 2 strokes occurred, both related to disease of 
the nonoperated carotid artery. Incidentally, the 
carotid endarterectomies were performed by highly 
experienced staff vascular surgeons who have an ex- 
cellent track record. 

Although all 4 of these patients are currently doing 
well, this series of complications has led us to con- 
clude that the combination of vascular and coronary 
surgery may indeed influence the success of the indi- 
vidual procedures. Patients with combined coronary 
and vascular disease may have a more advanced type 
of atherosclerosis. They may be more likely to develop 
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occlusion of grafts or endarterectomies and more 
likely to suffer embolism from unoperated plaques. In 
addition, the hematological changes introduced by 
the use of the pump oxygenator system may influence 
the potential patency of smaller artificial grafts or of 
endarterectomy sites inasmuch as they represent 
more thrombogenic surfaces. Perhaps it is worth re- 
membering that direct coronary surgery was not suc- 
cessful until the coronary vein bypass graft was used 
and we stopped directly attacking the coronary ar- 
teries. 

We currently prefer to operate the carotid arteries 
first and take our chances with myocardial infarction, 
which we find easier to treat than stroke. We will 
probably continue to combine innominate and coro- 
nary artery surgery since they require the same inci- 
sion. 


Joseph S. Carey, M.D. 

Ramon A. Cukingnan, M.D. 

2001 Santa Monica Blvd, Suite 560 
Santa Monica, CA 90404 


Avoiding Gas Microemboli 
To The Editor: 


With reference to the letter to the editor entitled "Ex- 
tracorporeal Pump Filter" (Ann Thorac Surg 24:197, 
1977), I wish to give my experienced answer to the 
question of what to do to avoid introducing large 
numbers of gas microemboli into the patient at the 
onset of perfusion when using bloodless prime with- 
out an arterial filter. 

First of all, the basic rule should be not to produce 
any gas bubbles in the arterial reservoir of the 
oxygenator or in the arterial perfusion line. These 
bubbles are released from the solution itself. This can 
be avoided by lowering and maintaining the tempera- 
ture of the prime between 30° and 32°C during recircu- 
lation before bypass. Gas bubbles are released from 
priming solution at 25°C (room temperature) when 
they come in contact with the heat exchanger, which 
is probably set at 36° to 37°C. Acceleration of bubbling 
even occurs when the priming solution is not recircu- 
lated and when it is hyperoxygenated. 

The oxygen flow rate during recirculation should be 
reduced to 1 to 2 liters per minute. 

Any uncontrolled release of oxygen microbubbles 
cannot be detrimental to the patient—the bubble will 
be instantly absorbed by tissues. 


Femk C. Cielak; B.5.,, GGP. 


Cardiovascular Surgery Division 
Columbus-Cuneo-Cabrini Medical Center 
2520 N Lakeview Ave 

Chicago, IL 60614 


REVIEW OF RECENT BOOKS 


Recent Advances in Respiratory Medicine (No. 1) 
Edited by T. B. Stretton 

Churchill/Livingstone, Edinburgh and London, 1976 
311 pp, illustrated, $32.50 


Reviewed by Alan Marty, M.D. 


Over the last decade, several academicians have en- 
hanced their understanding of pulmonary function 
and disease. Unfortunately, relatively little of this 
new knowledge has filtered down to the clinical level. 
Accordingly, eleven experts from the British Isles 
have compiled this gap-bridging review. In brief, 
they have succeeded in organizing an immense 
amount of material into a slim, readable book. 

The first chapter, on the mostly experimental appli- 
cations of pulmonary radioisotopology, balances its 
strengths and weaknesses and leaves the reader witha 
taste of what may eventually prove to be a more useful 
clinical tool. The next, on cytopathology, also pro- 
vides the type of overview practitioners need to op- 
timize their cost-effective use of this laboratory ser- 
vice. 

Not confined to intrathoracic tissue, the book con- 
tains an outstanding chapter on pulmonary abnor- 
malities which shows why carotid bodies enlarge in 
emphysema and in high-altitude dwellers. Other new 
pathological discoveries include the facts that cen- 
trilobular emphysema either is increasing in inci- 
dence or its recognition is improving and that dietary 
substances and certain drugs may cause what has 
previously been considered to be “idiopathic” pul- 
monary hypertension. Generally unappreciated 
phenomena, such as when and why interstitial pul- 
monary edema does not cause abnormal gas exchange 
(because the fluid that accumulates first in the 
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collagen-containing part of the alveolar wall leaves the 
thin, larger portion of the blood-air pathway intact), 
are also well explained. 

The mathematical complexity that has now invaded 
the field of lung morphology is discussed in some 
detail, as are the structural reasons why one em- 
physema patient with 50% panacinar lung destruc- 
tion may have only mild symptoms while another 
with only 10% centrilobular loss may die in respira- 
tory failure. 

Another puzzle—why, in contrast to systemic ar- 
teriolar resistance, 90% of total airway resistance de- 
pends on the larger airways (rather than on those 
under 2 mm in diameter)—is demystified in the su- 
perb chapter on airways obstruction. The discussions 
on hypoxemia and the clinical use of the new bron- 
chodilator drugs are also quite helpful. 

The clinically oriented chapter on diffuse interstitial 
disease includes pertinent experimental studies as 
well; e.g., the different fibrogenic responses to silica 
and asbestos are explained in terms of their cytotoxic 
capacity plus the ways they are handled by the 
macrophages. 

Because nearly half of all children who die between 
birth and age 14 succumb in the first week of life, and 
since most of them die of respiratory ailments, more 
than one-fifth of the book provides an in-depth re- 
view of this important topic. Finally, a miscellaneous 
chapter briefly summarizes advances in bronchos- 
copy, pulmonary edema, and the lungs in renal dis- 
ease. 

This multiauthored text aims to please a wide spec- 
trum of physicians who treat patients with lung dis- 
ease. It is not specifically directed toward surgeons. 


Portland, OR 


387 


April 


CONTINUING EDUCATION 


Meetings in North America, April -September, 1978 


Pan-Pacific Surgical Association, Honolulu, HI, Apr 3-7 
Contact: D. B. DeJesus, M.D., 236 Alexander Young Bldg, 1077 Bishop St, Honolulu, HI 
96813 


Analysis and Treatment of Clinical Arrhythmias, sponsored by the AHA, Miami, FL, Apr 
13-May 25 (each Thursday) 

Contact: Carol Maris, Division of Scientific Affairs, American Heart Association, 7320 
Greenville Ave, Dallas, TX 75231 


Coronary Artery Disease: Current Trends and Concepts Seminar, Atlanta, GA, Apr 14-15 
Contact: Dr. A. Fiedotin, St. Joseph's Infirmary, 265 Ivy St NE, Atlanta, GA 30303 


Southwestern Surgical Congress, Palm Springs, CA, Apr 17-20 
Contact: J. A. Barney, M.D., 708 Physicians and Surgeons Bldg, Oklahoma City, OK 73103 


American Broncho-Esophagological Association, Palm Beach, FL, Apr 24-25 
Contact: L. W. Pratt, M.D., 37 Lawrence Ave, Fairfield, ME 04937 


Symposium on Recent Advances in Cancer Diagnosis and Treatment, sponsored by The 
Washington Hospital Center, Washington, DC, May 5-6 

Contact: Department of Surgery, The Washington Hospital Center, 110 Irving St NW, 
Washington, DC 20010 


American Association for Thoracic Surgery, New Orleans, LA, May 8-10 
Contact: W. T. Maloney, 6 Beacon St, Suite 620, Boston, MA 02108 


World Conference on Lung Cancer, sponsored by The International Association for the 
Study of Lung Cancer, Hilton Head Island, SC, May 10-13 

Contact: World Conference on Lung Cancer, International Association for the Study of 
Lung Cancer, Medical Arts Foundation Bldg, 1603 Oakdale St, Houston, TX 77004 


Heart Disease and Rehabilitation, Milwaukee, WI, May 11-13 
Contact: C. Foster, Ph.D., Department of Medicine, Mt. Sinai Medical Center, 950 N 12th 
St, PO Box 342, Milwaukee, WI 53201 


Neonatal and Pediatric Respiratory Care Seminar, St. Petersburg, FL, May 12-13 
Contact: W. H. Schmid, M.D., All Children's Hospital, 801 6th St S, St. Petersburg, FL 
33701 


American Lung Association, Boston, MA, May 14-17 
Contact: W. F. Roberts, 1740 Broadway, New York, NY 10019 


American Thoracic Society, Boston, MA, May 14-17 
Contact: R. G. Weymueller, 1740 Broadway, New York, NY 10019 


Cardiopathy of Aging IV, sponsored by the AHA, Little Rock, AR, May 16-17 
Contact: Carol Maris, Division of Scientific Affairs, American Heart Association, 7320 
Greenville Ave, Dallas, TX 75231 


International Symposium on Corrosion and Degradation of Implant Materials, Kansas 
City, MO, May 22-23 
Contact: Mr. Peter Brown, ASTM, 1916 Race St, Philadelphia, PA 19103 


American College of Angiology, Colorado Springs, CO, May 28- June 1 
Contact: Paul S. Lowenstein, M.D., Chairman, Continuing Education Program, American 
College of Angiology, 320 Northern Blvd, Great Neck, LI, NY 11021 
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June 


July 


August 


September 


July 


September 


Pulmonary Function Tests—Diagnostic and Therapeutic Implications, sponsored by Long 
Island Jewish-Hillside Medical Center and Health Sciences Center, State University of 
New York at Stony Brook, New Hyde Park, NY, June 4 

Contact: F. Khan, M.D., Queens Hospital Center Affiliation/Long Island Jewish-Hillside 
Medical Center, 82-68 164th St, Jamaica, NY 11432 


The Samson Thoracic Surgical Society, Coronada, CA, June 4-7 
Contact: Richard Peters, Program Chairman, 6 Beacon St, Suite 620, Boston, MA 02108 


International College of Surgeons, United States Section meeting, Mont Gabriel, 
Quebec, Canada, June 29- July 4 

Contact: J. P. Quinn, International College of Surgeons, 1516 N Lake Shore Dr, 
Chicago, IL 60610 


Ischemic and Myocardial Heart Disease, sponsored by the AHA Council on Clinical 
Cardiology, Lake Placid, NY, July 6-8 

Contact: Carol Maris, Division of Scientific Affairs, American Heart Association, 7320 
Greenville Ave, Dallas, TX 75231 


Basic Mechanisms and Risk Factors in Atherosclerotic Vascular Disease, sponsored 
by the AHA Council on Clinical Cardiology, Hilton Head Island, SC, August 
Contact: Carol Maris, Division of Scientific Affairs, American Heart Association, 7320 
Greenville Ave, Dallas, TX 75231 


University of Colorado Third Annual Symposium on Vascular Surgery, Denver, CO, 
Sept 25-27 

Contact: Office of Postgraduate Medical Education, University of Colorado School of 
Medicine, 4200 E 9th Ave, Denver, CO 80262 


Meetings Outside North America, April September, 1978 


27th Congress of the International Association of Bronchopneumology, Toulouse, 
France, May 4-6 

Contact: Secrétariat du Congres: Service du Professeur Bollinelli, Hótel Dieu, 31052 
Toulouse Cedex, France 


International College of Surgeons Biennial Congress, Jerusalem, Israel, May 15-19 
Contact: W. A. Houser, International College of Surgeons, 1516 N Lake Shore Dr, 
Chicago, IL 60610 


13th World Congress on Diseases of the Chest, Kyoto, Japan, July 2-7 
Contact: Alfred Soffer, M.D., Executive Director, American College of Chest Physicians, 
911 Busse Highway, Park Ridge, IL 60068 


European- American Symposium on Venous Diseases, Zurich, Switzerland, Sept 4-8 
Contact: Ms. V. Delaney, American Express Company, 65 Broadway, New York, NY 10006 


23rd World Conference of the International Union Against Tuberculosis, Brussels, 
Belgium, Sept 5-8 

Contact: Secretariat of the 23rd World Conference of the IUAT, rue de la Concorde, 56, 
B-1050 Brussels, Belgium 


International Congress of Prevention of Heart Disease and Cardiac Rehabilitation, 
Bombay, India, Sept 10-12 
Contact: Dr. C. V. Shah, India House No. 2, Kemp's Corner, Bombay 400 036, India 


8th World Congress of Cardiology, Tokyo, Japan, Sept 17—23 
Contact: Dr. H. Sasamoto, 7-3-23 Roppongi, Minato-ku, Tokyo 106, Japan 





CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7173 University Hospital 

Ann Arbor, MI. 48109 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, 39, ABS and ABTS 
certification, seeks position. Well-trained in all aspects of 
surgery, research, and publication. Presently medical school 
faculty. Available any time either for private or academic 
practice. 


Please respond to W-56, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 32, ABS and ABTS 
certification, completing additional fellowship in car- 
diovascular surgery, FLEX, seeks association in group or 
partnership. 


Please respond to W-57, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, university trained 
with experience in adult and pediatric cardiac and general 
thoracic surgery, would like to join another cardiothoracic 
surgeon or group. Board certified in general surgery. Avail- 
able July 1978. 


Please respond to W-83, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 37, university trained, previous 
teaching experience, 23 publications, seeks association with 
group or academic position. Prefer Northwest but will con- 
sider other locations. Available July 1978. 


Please respond to Michael C. Sinclair, M.D., 11 Mountain 
Rd, Lexington, MA 02173. 





Cardiothoracic surgeon, ABS certified, candidate ABTS, 
university training completed June 1977, FLEX, seeks posi- 
tion in cardiothoracic surgery. 


Please respond to W-85, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Surgeon, 36, ABS and ABTS certified, seeks group 
association/partnership, East or Midwest. 


Please respond to W-86, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





A-30 





Cardiovascular and thoracic surgeon, Board certified, seek- 
ing to relocate. One and one-half years experience in private 
practice. Available immediately. 


Please respond to W-87, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 33, married, 
university trained, no military obligations, seeks position 
in cardiac-thoracic-vascular surgery. Established group or 
new practice, locale flexible, academic affiliation preferred. 
Available July 1978. 


Please respond to W-88, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 32, university trained, 
FLEX, passed Part I ABS, ABTS eligible, seeks group prac- 
tice. Prefer eastern US; available July 1978. 


Please respond to W-89, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 37, married, univer- 
sity trained, ABS and ABTS certified, seeks association with 
group or surgeon actively doing cardiac surgery. Com- 
prehensive adult and pediatric cardiac, thoracic, and vascu- 
lar surgical experience. Location flexible. 


Please respond to W-90, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic surgeon, 35, double Board certification, university 
trained, seeks relocation in private or academic practice. 
Experience in active adult and pediatric cardiac surgery unit, 
including general thoracic and vascular surgery, productive 
research, and clinical work. All locations considered. 


Please respond to W-91, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 38, married, seeks po- 
sition with group or association leading to partnership. 
Training in cardiac, thoracic, and vascular surgery. Complet- 
ing residency in accredited program July 1978. 


Please respond to W-92, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 38, Board certified 
ABS, ABTS, university trained, seeks position in private 
practice, preferably with teaching responsibility. Broad ex- 
perience in cardiac and general thoracic surgery. Currently 
Director of Cardiac Surgery in teaching hospital in North- 
east. 


Please respond to W-93, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 36, university trained 
in all aspects of cardiovascular and thoracic surgery, com- 
pleting additional fellowship in cardiovascular surgery, 
seeks position in group or association leading to partner- 
ship. Special interest in adult cardiac and peripheral vascular 
surgery. Available July 1978. No geographic preference. 


Please respond to W-94, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 34, university trained, with ex- 
perience in all phases of adult and pediatric cardiac and 
thoracic surgery, seeking to relocate. ABS certified, presently 
in private practice. Available immediately. 


Please respond to W-95, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, university trained, 


seeking position in cardiovascular surgery, preferably in 
California. Available July 1978. 


Please respond to W-96, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 34, completing re- 
quirements for ABTS eligibility. University trained, Cincin- 
nati General Hospital and Charlotte Memorial Hospital, 
licensed in Ohio, Florida, and North Carolina. Available July 
1978. 


Please respond to Charles C. Voorhis III, M.D., 7039 Ridge- 
brook Dr, Charlotte, NC 28210. 


Thoracic and cardiovascular surgeon, 31, completing resi- 
dency in June 1978, at large medical center in New Jersey, 
desires position in thoracic and cardiovascular surgery. 
FLEX, ABS certified, FRCS(E). Will consider all geographical 
locations. 


Please respond to W-98, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Experienced cardiovascular surgeon, 41, desires private 
practice with teaching affiliation or teaching with practice 
privileges. ABS, ABTS, experience in pediatric and adult 
cardiac surgery, research, and teaching. Curriculum vitae on 
request. 


Please respond to W-99, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 30, FRCS(C), ABS cer- 
tified, ABTS eligible 1978, seeks position for July 1978. Fully 
trained in general, adult cardiac, vascular, and thoracic 
surgery, with experience in pediatric cardiac surgery. No 
geographic preference. References and curriculum vitae 
available on request. 


Please respond to W-100, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 31, married, one 
child, ABS certified, ABTS eligible, seeks association in 
group or partnership with academic appointment. Graduate 
of eastern medical school, cum laude, presently completing 
1-year fellowship in pediatric cardiovascular surgery. Pre- 
fers Detroit, MI, but open to all offers. Willing to do some 
general surgery. Available August 1978. 


Please respond to W-101, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 38, Board certified, 
university trained, seeks association in group practice or 
partnership. Broad experience in all aspects of cardiac, vas- 
cular, and thoracic surgery in private and academic settings 
for more than 7 years. 


Please respond to W-102, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiac and thoracic surgeon, ABS and ABTS certified, well 
trained and experienced, wishes to relocate in southern 
California in solo, group practice, or partnership. In Cali- 
fornia private practice for past 5 years. 


Please respond to W-103, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


A-31 


Thoracic and cardiovascular surgeon, 32, ABS certified, 
ABTS eligible, seeks position with cardiothoracic group, 
leading to partnership. Locale flexible. Available April 
1978. 


Please respond to W-104, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 32, completing resi- 
dency in June 1978, desires position in thoracic and car- 
diovascular surgery. ABS certified, FRCS(C). 


Please respond to W-105, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Established cardiovascular and thoracic surgeon, 45, mar- 
ried, university trained, ABS and ABTS certified, desires 
relocation to South, Southeast, Southwest, or West. Exten- 
sive experience in adult cardiac, vascular, and thoracic 
surgery. Available immediately. 


Please respond to W-106, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular anesthesiologist, trained at Stanford Uni- 
versity, with particular interest in cardiac postoperative in- 
tensive care, seeks position. Available July 1978. 


Please respond to W-107, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 31, university 
trained, ABS certified, ABTS eligible, wishes to join a group 
or obtain academic position. Available immediately. 


Please respond to W-108, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic and vascular surgeon, 37, married, univer- 
sity trained, ABS and ABTS certified, seeks association with 
group or surgeon actively doing cardiac surgery. Com- 
prehensive experience in adult and pediatric cardiac sur- 
gery and thoracic and vascular surgery. Location flexible. 


Please respond to W-109, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 


Thoracic and vascular surgeon, Board-eligible or certified, 
wanted by group in southeast Florida. Practice limited to 
general thoracic and major arterial vascular surgery. 


Please respond to A-50, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


One-year thoracic and cardiovascular fellowship, July 1, 
1978, University of Texas affiliation. Opportunity to polish 
cardiac and thoracic surgical skills with additional clinical 
and academic experience while studying for Boards or 
searching for permanent position. Prefer applicants eligible 
for ABTS Boards. Stipend plus benefits, travel, dependent 
upon experience. 


Please respond to A-51, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Fellowship in Pediatric Cardiovascular Surgery. University 
medical center. Applicants must be candidates for certifica- 
tion in thoracic surgery. 


Please respond to A-52, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Academic position in northeastern university center avail- 
able for young cardiothoracic surgeon with clinical compe- 
tence and strong research interests. 


Please respond to A-53, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Board-certified thoracic surgeon with primary interest in 
pulmonary problems wanted. Opportunity for academic 
career and for development of University of California, 
Davis-affiliated thoracic surgery service at Martinez Vet- 
erans Administration Hospital, located 30 miles from San 
Francisco. 


Send curriculum vitae to Charles F. Frey, M.D., Chief of 
Surgery, Veterans Administration Hospital, 150 Muir Rd, 
Martinez, CA 94553. 


Mature, experienced cardiac surgeon wanted to augment 
two-man cardiovascular surgery group. Private corporate 
practice, ideal community on Florida west coast. Immediate 
opportunity. 


Please respond to A-55, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon wanted to join three- 
man group in Midwest. University-affiliated, practice lim- 
ited to thoracic, vascular, and cardiac surgery. Board- 
eligibility certificate required. 


Please send curriculum vitae to Siavosh Bozorgi, M.D., 1810 
Grant Deneau Tower, Dayton, OH 45402; tel: (513) 223-5882. 


Cardiovascular surgical research and clinical fellowship at 
Texas Heart Institute available. One- and two-year programs 
beginning July 1, 1978, within busy circulatory support ser- 
vice. Emphasis on experimental and clinical mechanical cir- 
culatory assistance, i.e., IABP, LVAD, and pharmacological 
support of failing circulation. Salary negotiable. 


Please respond to A-57, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Fellowship in adult cardiac surgery available July 1, 1978. 
One-year program includes extensive experience in coro- 
nary and vascular surgery. 


Please respond to A-58, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiac and thoracic surgeon in southern California seeks 
associate to handle increasing case load. Active adult and 
pediatric cardiac surgical service. 


Please respond to A-59, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgery residency available. Unexpected va- 
cancy for July 1, 1978, in Board-approved, 2-year program at 
major midwestern university center with affiliated VA and 
county hospitals. Active adult and pediatric cardiac, pul- 
monary, and esophageal surgical services. 


Please respond to A-60, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgery fellowship in univer- 
sity training program. Full spectrum of thoracic surgery 
well represented, including esophageal and pediatric car- 
diac surgery. 


Please respond to Edward F. Parker, M.D., Division of 
Thoracic Surgery, Medical University of South Carolina, 
171 Ashley Ave, Charleston, SC 29403. 
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CLINIFLOW ® provides the most 
advanced clinical blood flow 
measurement system available. With the 
maximum in patient safety and operating 
simplicity. 
A) CME also offers the industry’s widest 
variety of pre-calibrated acute, chronic 
and extracorporeal probes to fit almost 
Blood Flowmeter ny application. Write or call for full 
n 


ormation. 


a 
System CME ... first in flowmetry. 
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just published 
Echocardiographic Diagnosis 


of Congenital Heart Disease 
d : 
è . ` 
. , 7 ‘ 


By Roberta G. Williams, M.D., Harvard * 
Medical School, Boston, and Charles R. 

sane BERR EE eee 

ORDER NOW 


Tucker, M.D., The University of Rochester 
Little, Brown and Company 


School of Medicine and Dentistry, 
Rochester, New York 
Medical Division 
200 West Street 


Waltham, Massachusetts 02154 


Please send me. . copies of Williams & Tucker's 
ECHOCARDIOGRAPHIC DIAGNOSIS OF CONGENITAL 
HEART DISEASE, #943517, @ $19.95. 


This comprehensive, lucidly written 
introduction to pediatric 
echocardiography is an invaluable 
reference for all cardiovascular surgeons 
who treat pediatric patients. In it, the 
authors clearly describe the techniques 
required to make specific diagnoses 
and the clinical situations in which 
echocardiography can be used. 

Equally important, they explain how 

to judge the reliability of 
echocardiographic findings in light 

of possible artifact or normal 

anatomic variation. 





( ) Check enclosed. ( ) Bill me. (352 pages. Illustrated with 
echocardiograms and line drawings. 
Name #943517, $19.95 


B In Canada, order from J. B. Lippincott of Canada, Ltd., 
75 Horner Avenue, Toronto, Ontario, CANADA M8Z 4X7. 
City — — State & Zip B In U.S., publisher pays postage and handling if check accompanies 
ATS m order. Please add sales tax if applicable. 


Address 














Coronary Artery 





Surgery 


By JOHN L. OCHSNER, M.D., 
and NOEL L. MILLS, M.D., 
both of the Ochsner Clinic, 
New Orleans, Louisiana. 


Authoritative and complete in its treatment of the sub- 
ject, this book encompasses many aspects of coro- 
nary artery disease. Its main objective is to provide 
the surgeon with an authoritative guide to manage- 
ment from the highly experienced point of view of the 
authors. The surgeon will find precise, clinical infor- 
mation presented in a very logical and orderly fashion 
that greatly enhances the practical usefulness of the 


book. 


An abundance of information concerning use of the 
saphenous vein and the internal mammary artery as 
grafts, cannulation and extracorporeal circulation, 
choice of operative technique and site of distal anas- 
tomosis, exposure of the heart, methods of vascular 
anastomoses, and management of complications is 
presented. Many original drawings clearly illustrate 
these technical maneuvers. Other chapters deal with 
the various pathologic processes for which coronary 
artery bypass is useful, and the subtleties of coronary 
anatomy. Coronary angiography is treated according 
to the needs of the surgeon, correlating the angio- 
graphic and surgical findings. Anesthetic manage- 
ment and postoperative care are carefully outlined in 
a clear, step-by-step method. 





Among the chapters that discuss the scientific/clinical 
elements of coronary artery surgery, is a highly impor- 
tant chapter that deals with the humanistic aspects. 
Psychological considerations and the role of the 
psychiatrist and cardiovascular nurse specialist are 
highlighted. A method of informed consent—used 
over three years by the authors with excellent re- 
sponse from the patients—is also presented. 
Individuals involved in the surgical and non-surgical 
management of coronary artery disease, particularly 
coronary bypass procedures, will welcome this im- 
portant new book in the field. 275 pp. (7 x 10), illus., 
1978, $25.00. 





Three other titles you'll want 
PROGRESS IN CARDIOLOGY. 6 


This sixth volume of a popular series is a depar- 
ture from the first five which were concerned 
with disparate subjects in cardiology. Many 
European and American cardiologists and car- 
diac surgeons examine all the major aspects of 
coronary revascularization, from surgical tech- 
niques in coronary artery bypass grafts to 
sophisticated hemodynamic and angiographic 
evaluation of the left ventricular function before 
and after coronary revascularization. 

Edited by PAUL N. YU, M.D., University of 
Rochester School of Medicine and Dentistry, 
Rochester, New York; and JOHN F. GOOD- 
WIN, M.D., Royal Postgraduate Medical 
School, London, England. (31 Contributors). 
211 pp. (7 x 10), illus., 1977, $15.00. 


CHEST PAIN: An Integrated 
Diagnostic Approach 


Provides the reader with an awareness of pain 
as a problem which may involve more than one 
system. 

Edited by DONALD L. LEVENE, M.D. With 
RONALD F. BILLINGS, M.D., GEOFFREY M. 
DAVIES, M.D., JOHN EDMEADS, M.D., and 
FREDRIC G. SAIBIL, M.D. All of the University 
of Toronto Clinic, Sunnybrook Medical Centre, 
Toronto, Ontario, Canada. (8 Contributors). 203 
pp., paperback, 41 illus., 1977, $11.00. 


MECHANICAL CONCEPTS IN 
CARDIOVASCULAR AND 
PULMONARY PHYSIOLOGY 


This succinct, well-written text develops within 
the same conceptual framework the mechanics 
of both the blood vessels and pulmonary air- 
Ways. 

By JERRY FRANKLIN GREEN, Ph.D., University 
of California School of Medicine, Davis. 166 
pp. (5% x 734), illus., paperback, 1977, $10.00. 


Order from your favorite bookstore or: L EA & F E B i G E R 


WASHINGTON SQUARE / PHILADELPHIA, PA. / 19106 





Your Heart Association 


can help 
you 


help your 
patients 


Contributed by the Publisher 


Your patients and their families might have questions about the 
heart and blood vessel diseases. Your Heart Association has 
prepared a variety of pamphlets to assist you in answering their 
questions in simple non-technical language. 


Produced under the guidance of leading cardiovascular spe- 
cialists, these pamphlets deal with such subjects as heart attack, 
stroke, hypertension, rheumatic fever, congestive failure, inborn 
heart defects, varicose veins and other disorders. There are also 
pamphlets advising on risk factors related to heart attack. 


Booklets on therapeutic sodium-restricted or cholesterol-lower- 
ing diets are also available on a physician’s prescription only. 


Ask your local Heart Association for a catalogue listing all these 
free materials and order a supply. 


American Heart 
Association 


44 EAST 23rd ST., NEW YORK, N.Y. 10010 








Introducing the 
Datascope System 42. 

The first system 
specifically designed for 
pulsatile assist. 
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Not very long ago, we introduced the world's first clinical 
device to produce pulsation and counterpulsation from the 
output of the roller pump without the need of an intra-aortic 
balloon or any additional surgery.’ We called the device the 
Datascope PAD.? 


Since the PAD* was introduced, its clinical use has grown 
rapidly. So much so that we have now created a system 
specifically designed to power it: the Datascope System 42. 

The System 42 is compact, measuring only 17x 16x30 
inches. It fits right next to your heart-lung machine. And it is 
intended for operation by the perfusionist. You don’t need an 
additional person in the Operating Room to run it. 

The System 42 is simple to operate. And we’re happy to 
say it is substantially less expensive to purchase than a 
balloon pump. 

Up until now, you needed a Datascope balloon pump to 
take advantage of the Datascope PAD. With System 42, you 
can get all the clinical benefits of PAD" without a balloon 
pump. Or if you already own a Datascope balloon pump, 
you'll find that System 42 allows you to do pulsatile assist more 
economically and efficiently. 

For more information or a demonstration of the new 
Datascope System 42, write or call: Datascope Corp., Box 5G, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Datascope B. V., 
Kyftenbeltlaan 6, Y 
Hoevelaken, Holland, 
Tel. 03495-4514. 


Datascope 
System 42. q Tto , 








CLINICAL REFERENCES 1 Bregman, D., et al: “Counterpulsation with a new pulsatile assist ( levi e (PAD) 
open-heart surgery.” Medical Instrumentation10:232, 1976. 2. Brec gmat an, 1D bs 1l Support of the 
Failing Heart." In Ravitch, M.M. (ed.), Current Problems in Surgery, Chicago, 1976, Vol. XIII, Ní 12. pg. 63 
3. Bregman, D., et al: “A pulsatile assist device (PAD) for use during cardiopulmonary bypa Annals 

of Thoracic Surgery, Dec., 1977. 4 Bregman, D., et al: “An scopi ethod of myocardial protection with 


pulsation during cardiopulmonary bypass.” Circulation 56:157 (Suppl. Il), 1977 
*Patent Pending. 


pace Age Microbicidal Power 


For optimal preoperative skin degerming — BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant Strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis — BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film- -forming.. 
maintain microbicidal activity in the presence of blood, pus and serum. ..treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis—Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
OLODI ORSA are i sesa HOH EAN tee do not stain skin and natural fabrics. 
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where compromise 
Is out of the question 


When patient safety is of prime concern, 
as it is at Bentley Laboratories, there 

is no room for compromise. That's why, 
at Bentley, we take pride in the total 
production of Bentley tubing. Every 
step, from extrusion through final 
sterilization is completed at our facilities 
in Irvine, California. 

The highest levels of quality control, 
independent laboratory testing” strict 
adherence to manufacturing techniques, 
extreme care in product preparation 
and packaging -all characterize our 
efforts to provide the finest tubing 
available for use during extracorporeal 
circulation. 

Currently, over 80% of Bentley 

“Implant (1 [J Tested" tubing is used in 
Custom Tube Pacs. These convenient 
packages, preassembled to customer 
specifications also contain component 
parts such as Bypass Blood Filters, Gas 
Filters and Connectors. By combining 
the desired components with required 
tubing lengths, a complete perfusion 
system is formed, sterile-packed ina 
disposable tray- ready for instant use. 

Bentley Custom Tube Pacs reduce 
inventory requirements, eliminate 





materials waste, simplify patient billing 
and provide excellent operating room 
technique. They can be assembled in any 
combination to meet your individual needs. . 
Send for your Bentley “Implant (1 Eg 
Tested" Tubing brochure which describes 
in detail the most complete selection of 
disposable blood circuit components 
available. In addition, it tells how to 
specify your own Custom Tube Pac. 
If you have an immediate tubing require- 
ment, contact your Bentley representative. 


*U.S.P. Class VI Plastics Report available on request. 


BENTLEY LABORATORIES, INC. | 
17502 Armstrong Avenue 

Irvine, California 92705. 

(714) 546-8020 | | 


) 
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Custom lube Pacs 


z IELE MUUIO I iNOS t ral SIE ETOS MINTU SALS div 
employed to closely conform to the natural porcine aortic valve. Over 70 anatomic stent 
configurations, differing in shape and size, are produced from precision castings of actual porcine 
aortic roots. After initial fixation in Purified Glutaraldehyde, each natural porcine aortic valve is 
categorized on the basis of its individual anatomic features. These features include the natural orifice 
Shape; the height, location, and orientation of each commissure: and the size and shape of the right 
coronary cusp. A Delrin** stent with Dacron**cloth covering is then selected which closely conforms 
to the original anatomic features of each individual porcine valve. This method of considering the 
anatomic characteristics of each porcine valve provides a xenograft mounting technique closely 
retaining the original anatomic configuration and thus providing natural position and support 
for the porcine tissue. 


' Patents Pending 
** Dupont” 
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‘om CPI, 

ie versatile 

ew MICROLITH-P for 
recision programming 
both pulse rate 

nd width at the 

UCh of a button. 


iple change. And because a pacemaker must become 
ntegral part of a human being, CPl» designed the new 
;HOLITH«-P. the only non-invasive programming system 
makes precise adjustment of both pulse rate and width 
nple pushbutton operation. With the quartz-crystal- 
trolled MICROLITH-P, you can adjust rate from 30 to 119 
1 in single pulse increments... width from 0.1 to 1.9 

in 0.1 ms increments (.05 ms can also be programmed). 
ill done with a compact, digital programmer that's 

er to use than a pocket calculator. It takes less than 2.5 
onds. And a simple EKG reading lets you know 

Yediately that the program's been accepted. Fast, flexible. 
urate pace-changing at your office or the hospital. 


n the shape of the MICROLITH-P is new. Semi-elliptical. 
! more rounded surface on the external side to look 

feel more natural...to reduce risk of pocket complica- 
s. With more flat surface on the internal side to minimize 
ration and tissue erosion. Small. Thin. Lightweight. 

ape thats a natural to simplify implantation and assure 
int comfort. 


theres more eSuperior moisture resistance thanks to 
ecial new parylene coating used only by CPI for encapsulat- 
nternal circuitry e Time-tested lithium power source and 

'id C-MOS circuitry e Predictable 2-step elective replacement 
‘CERT) indicator e Excellent electromagnetic interference 

|) rejection e Runaway protection e Multiple hermetic 

ing € X-Ray identification e Demand mode with choice of 
Olar and bipolar configurations e Compatibility with most 
imonly used leads * A limited warranty for up to 6 years* 


ROLITH-P...another advanced CPI pacing system 

«ed by 5 years of successful experience with lithium pulse 
3rators that continue to set industry standards for reliability. 
out more today by writing or calling CPI toll free, 
328-9588. 


ranty statement available upon request 





Cardiac Pacemakers, Inc 
4100 North Hamline Avenue 
P.O. Box 43079 

| & St. Paul, Minnesota 55164, U.S.A 


Telephone: (612) 631-3000 
Cable: Cardiapace, St. Paul 
Telex: 29-7049 


© 1978 Cardiac Pacemakers, Inc 
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suddenly 
he endocardial 


‘lectrode has taken 
1new twist. 


io one has to tell you what a problem conventional endo- 
ardial electrodes can sometimes be. Primarily because in 
)ost electrodes, dislocation is a very real possibility. 

Toanswer the problem, Vitatron has come up 
nth a unique approach to the problem. Deceptively simple 
y design, and yet effective. 

Helifix. * 

Helifix, with its helically coiled tip, now enables 
ou to actually twist the electrode into the trabeculae with 
nly 2-3 clockwise turns. 

The result is a secure, yet relatively atraumatic, 
achor that virtually defies dislocation. 

And should repositioning become necessary, 
lelifix is just as easy to remove with just a simple 
ntwisting action. 

For quick mobilization of your patients without 
ie fear of dislocation, for better fixation to other parts of 
ie ventricle than the apex, Helifix is an ideal solution. 

. . Wedlike you to learn more about Helifix. For 
itest data and clinical evaluations, write us at: Vitatron 
Tedical, Inc., One Gateway Center, Newton, MA 02158. 
1 Europe: Vitatron Medical B. V., P.O. Box 76,6950 AB 
eren, The Netherlands. 
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VASCULAR TOURNIQUET KIT 


The new Argyle Vascular Tourniquet Kit 
is simple, safe and complete. It elimi- 
nates the clutter of clamps during can- 
nulation of blood vessels. Tension can be 
quickly applied or released.When the re- 
taining plug is set, there's no danger of 
slippage. The croppable sheath can be 
readily cut to minimum length required, 
further reducing operative field clutter. 


BE 


BRUNSWICK 





Each sterile Kit contains 2 each of a 
o-inch plastic sheath with a slotted-top 
retainer plug, tourniquet tape, and a 
plastic obturator for drawing the tape or 
suture material through the sheath. 


For more information about this new. 
secure and simple-to-use Vascular 
Tourniquet Kit, contact your Argyle rep- 
resentative or write directly to Dept.A.K. 


A BRUNSWICK COMPANY 


ST. LOUIS, MO. 63103 
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Whea low S.M.1. 

starting flow rate is 

desired, the patient raises 

only the Ball in the first chamber. 

The resting position of the second 

chamber Ball indicates that the desired flow rate has not been 
significantly exceeded. When a higher S.M.I. flow rate is appropriate, 
the patient raises the balls in both the first and second chambers. 
The third chamber ball, at rest, then acts as the monitor. 





ncentive __ 
Deep-Breathing 
Exerciser 


The postoperative loss of spontaneous deep breaths (the 
sigh or yawn), can contribute to atelectasis, pneumonitis 
and hypoxemia — major respiratory complications of 
abdominal and thoracic surgery! 


tained Maximal Triflo Il provides a unique, lightweight monitoring syste 
piration for slow S.M.I. When used as directed, Triflo II supports 
“... the most efficacious maneuver available for preventin 
and reversing alveolar collapse’? with minimal risk of 
“...gross over-distention and possible rupture of patent 


"n" 


alveoli during maximal hyperinflation: 


Approximate measurement of patient progress can be 
made and recorded by charting volume inspired per 
second: light blue (600 cc/sec)*; medium blue 

(900 cc/sec)*; dark blue (1200 cc/sec)* 


The physician, therapist or patient can evaluate progres: 
quickly and efficiently, at a glance. 


"Volume inspired/ Time (sec.) 


Triflo Il is designed simply and attractively to enable 
patients, physicians and therapists to observe individual 
improvement through the use of the three chamber 
system. Lightweight, economical, compact, easy to 
assemble, easy to use...requires minimum instruction, 
minimum supervision. ..ideal in the hospital or at home. 


References: 

1. Latimer RG, Dickman M, Day WC, et al: Ventilatory patterns and pulmonary complications atte 
upper abdominal surgery determined by preoperative and postoperative Computerized spi 
rometry and blood gas analysis. Am J Surg 122:622-632, 1971 

2. Bartlett RH, Gazzaniga AB, Geraghty TR: Respiratory maneuvers to prevent postoperative 
pulmonary complications: a critical review. JAMA 224:1017-1021, 1973 

3. Demers RR, Saklad M: The etiology, pathophysiology, and treatment of atelectasis. Respiratory 
Care 21:234-239, 1976 
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Introducing the 
Datascope System 42. 
The first system 
specifically designed for 
pulsatile assist. 
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Not very long ago, we introduced the world's first clinical 
device to produce pulsation and counterpulsation from the 
output of the roller pump without the need of an intra-aortic 
balloon or any additional surgery. We called the device the 
Datascope PAD.* 


Since the PAD* was introduced, its clinical use has grown 
rapidly. So much so that we have now created a system 
specifically designed to power it: the Datascope System 42. 

The System 42 is compact, measuring only 17x 16x30 
inches. It fits right next to your heart-lung machine. And it is 
intended for operation by the perfusionist. You don’t need an 
additional person in the Operating Room to run it. 

The System 42 is simple to operate. And we’re happy to 
say it is substantially less expensive to purchase than a 
balloon pump. 

Up until now, you needed a Datascope balloon pump to 
take advantage of the Datascope PAD. With System 42, you 
can get all the clinical benefits of PAD" without a balloon 
pump. Or if you already own a Datascope balloon pump, 
you'll find that System 42 allows you to do pulsatile assist more 
economically and efficiently. 

For more information or a demonstration of the new 
Datascope System 42, write or call: Datascope Corp., Box 5G, 
Paramus, N.J. 07652, Tel (201) 265-8800. Datascope B. V., 
Kyftenbeltlaan 6, ^N 
Hoevelaken, Holland 
Tel. 03495-4514. 


Datascope Y 
System 42. 
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CLINICAL REFERENCES 1. Bregman, D., et al: "Counterpulsation with a new pulsatile assist device (PAD) in 
open-heart surgery." Medical Instrumentation10:232, 1976. 2. Bregman, D.: "Mechanical Support of the 
Failing Heart." In Ravitch, M.M. (ed.), Current Problems in Surgery, Chicago, 1976, Vol. XIII, No. 12, pg. 63 

3. Bregman, D., et al: "A pulsatile assist device (PAD) for use during cardiopulmonary bypass." Annals 

of Thoracic Surgery, Dec., 1977. 4. Bregman, D., et al: "An improved method of myocardial protection with 
pulsation during cardiopulmonary bypass." Circulation 56:157 (Suppl. fI), 197 7. 

*Patent Pending. 
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The Pacing for Life™ Warranty 
provides this assurance to the 
patient who receives 

Medtronic Xyrel"-VL or 

Xyrel*-VP pulse generators: If 

the pulse generator fails to 

function within normal 

tolerances for any reason 

(including exhaustion of the 

battery or other component), 
Medtronic will provide for the 
patient a functionally 

comparable Medtronic™ pulse 
generator at no charge. In 

addition, if the failure is due to a 
defect in materials or workmanship, 
Medtronic will reimburse the patient 
for up to $450.00 of reasonable, 
uninsured medical expenses incurred 
in connection with the replacement. 


This same warranty will apply to any 
Medtronic” replacement pulse generator 
supplied pursuant to its terms.* 


Medtronic 


yos sIpir Ig J You Help 
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NOW AVAILABLE FOR YOUR PACEMAKER 
PATIENTS FROM MEDTRONIC® 








That's right, doctor. If your patient receives a Xyrel®-VL or 
Xyrel*- VP pacemaker, Medtronic will provide a lifetime 
pacemaker replacement guarantee. If the pacemaker 
fails for any reason — any reason — Medtronic will re- 
place it. Free. 


For further information on the pacemakers covered by 
the Pacing for Life™ program, contact your Medtronic 
representative, or write or call Medtronic directly at 3055 
Old Highway Eight, Minneapolis, Minnesota 55418. (612) 
574-4000 
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MEDTRONIC® 
IMPLANTABLE PULSE GENERATORS 


INTENDED USES 

Ventricular pacing using an implantable 
ventricular pulse generator is for long-term 
therapeutic control of heart rate in patients with 
impulse formation or conduction disorders 
leading to bradyarrhythmias, tachyar- 
rhythmias and heart block (see product label- 
ing for detailed list of intended uses). 


CONTRAINDICATIONS 
There are no known contraindications to the 
use of pacing as a therapeutic modality forthe 
control of heart rate. The patient's age and 
medical condition, however, may dictate the 
particular pacing systems and implantation 
procedure used by the physician. 


WARNINGS 

Diathermy should not be used on patients with 
pacemakers because of possible heat 
damage to electronic components. Elec- 
trosurgical units should never be used in the 
vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar 
mode because of danger of introducing 
fibrillatory currents into the heart via the 
implanted pulse generator/lead. Pulse 
generators may be damaged by defibrillatory 
discharges if the paddles are placed over the 
implanted pulse generator. 


PRECAUTIONS 

The physician should be aware that all pulse 
generators will ultimately cease to function, 
and may fcil at any time due to random com- 
ponent or battery failures which cannot be 
predicted prior to failure. Also, that the pacing 
system may cease to function at any time due 
to lead-related problems such as displace- 
ment, fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper operation 
may be affected by electrical interference 
from equipment using electrical energy, or 
medical complications. 


SIDE EFFECTS 
Body rejection phenomena, including local tis- 
sue reaction, muscle and nerve stimulation, in- 
fection, erosion of pulse generator /lead 
through skin, transvenous lead-related throm- 
bosis, embolism and cardiac tamponade. 





Fo Medtronic 


Medtronic, Inc. 
3055 Old Highway Eight 
Minneapolis, MN 55418 











CARDIO-PROBE 





CONDUCTION CARDIOGRAPH/BUNDLE OF 
HIS DETECTOR/ automated-audible 
localization of cardiac conduction tissue/ 
myocardial ischemia/infarction and facilitated 
recording of HIS Bundle Electrograms 


For the 

cardiovascular surgeon 

concerned with . . . 

e congenital cardiac repair 

e infarctectomy/ 
aneurysmectomy 

e revascularization 

e valve replacement 

e electrosurgery 


For the cardiologist 
concerned with . . . 

e HIS Bundle electrograms 
e arrhythmia studies 

e pacemaker selection 


For theinvestigator 

concerned with. . . 

e conduction-system 
electrophysiology 

e cardiac pharmacology 

e cardiac toxicology 


The CARDIO-PROBE 

includes... 

e an audible pacemaker to 
help establish pacing 

e a conduction 
cardiograph, fully 
patient-isolated, tripolar 
probe included. Adjustable 
gain 40-500 Hz bandwidth 

e Bundle-of-HIS detector, 
with fixed alarm threshold 
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Inputs include. . . 

both tripolar probe and 
tripolar catheter for flexibility 
in use 


Applications include. . . 

e localization of 
Bundle-of-HIS 

e delineation of aneurysms 

e delineation of 
ischemia/infarcts 

e mapping conduction 
pathways 

e recording HIS Bundle 
electrograms 





For more information, 
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Fort Worth, Texas 76104 
(817) 338-0451. 
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EDITORIAL 


Treatment of the Bronchopleural Fistula 


Lauri Virkkula, M.D. 


The paper by Dr. Hankins and associates (p 
491, this issue) reports on the treatment of 19 
patients with tuberculosis and 2 with bron- 
chiectasis. Myoplasty was used in most cases to 
reinforce the suture line of the bronchial stump. 
In addition, simultaneous thoracoplasty was 
performed in 14 of the patients and "simple un- 
roofing" of the empyema cavity in 7 patients. 
The fistula healed in 17 patients after the initial 
procedure and in 3 after reoperation. The re- 
sults of treatment compare favorably with other 
reported results and especially with the results 
in 52 patients treated during the same period 
without myoplasty. 

One might ask whether the good results of 
treatment are due to muscle pedicles, or 
whether the empyema cavities in connection 
with fistulas were different in size and location 
from the comparison group. The basic princi- 
ples of treatment of bronchial fistulas as well as 
the choice of methods are examined here. 


Principles 

A bronchial fistula is associated with a pleural 
empyema. The chief aim in the treatment of an 
empyema is obliteration of the cavity because 
when that is achieved, suppuration ceases and 
the fistula closes. Thus, in principle, the treat- 
ment of the empyema and the bronchial fistula are 
the same in patients in whom the cavity can be 
obliterated surgically. 

The treatment of suppuration by antimicro- 
bial medication alone neither clears the cavity 
nor closes the fistula. Instead of regarding an- 
timicrobial medication as actual treatment of 
the empyema, it perhaps should be considered 
as prophylaxis for that condition and as treat- 
ment of sepsis and inflammation of the lung 
parenchyma. The taking of bacterial specimens 
from the empyema cavity, determination of 
drug resistance, and antimicrobial treatment 
are, of course, pertinent, but they must not 
delay surgical treatment of the cavity. 


From the Department of Thoracic Surgery, University Cen- 


tral Hospital at Meilahti, Haartmaninkatu 4, SF-00290 Hel- 
sinki 29, Finland. 


Methods 

The methods in the obliteration of the em- 
pyema cavity are the following: (1) drainage 
(open or closed, with or without suction); (2) 
expansion of the lung; (3) collapse of the chest 
wall; and (4) filling the cavity with pedicles. 
Thoracoplasty is most suitable for apical 
cavities. When there are large supradiaphrag- 
matic cavities, more extensive thoracoplasty is 
required, and often functioning lung is col- 
lapsed by the thoracoplasty. In postpneumo- 
nectomy empyema cavities that do not decrease 
spontaneously after drainage, extensive thora- 
coplasty is needed, but is often ineffective. 

Muscle pedicle flaps from the chest wall are 
used either to cover a sutured bronchial fistula 
or to close a fistula by suturing the pedicle on 
the open fistula. By closing the fistulous open- 
ing airtight, the reopening of the fistula by 
intrabronchial pressure and secretion may be 
prevented. If the pedicle has a considerable 
volume compared with the empyema cavity, it 
can also be used for filling the cavity with ade- 
quately vascularized tissue, which would pro- 
mote the healing. It must be emphasized that use 
of muscle pedicle flaps is successful only if the cav- 
ity is obliterated simultaneously. Otherwise, be- 
cause of continuous infection, the pedicle has a 
tendency to detach and disintegrate. It is evi- 
dent that a pedicle flap used in the treatment of 
an empyema and a bronchial fistula is better the 
greater its volume and length. Muscle pedicles 
are often unsatisfactory from the standpoint of 
volume and length. A colleague and I have used 
an omental pedicle successfully in the treatment 
of basal cavities and associated bronchial fis- 
tulas [2]. 

It is not always possible to obliterate the em- 
pyema cavity by reasonable surgical measures. 
This is particularly true of postpneumonectomy 
empyema. Therefore, alternative methods to 
treat the cavity have been developed. Because 
of the poor condition of patients with post- 
pneumonectomy empyema, it is often neces- 
sary to use open drainage only. Clagett and 
Geraci [1] reported on a method in which the 
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postpneumonectomy cavity is cleansed by open 
drainage. The thoracostomy is closed later, 
achieving a "normal" postpneumonectomy 
state. Treatment of postpneumonectomy em- 
pyema by irrigation through drainage has also 
been used. 

If the postpneumonectomy cavity is asso- 
ciated with a large bronchial fistula rather than 
a small one, the fistula will not heal spontane- 
ously after drainage. A fistula of this type is 
initially life-threatening. After suppuration has 
decreased as a result of open thoracostomy, the 
air escaping through the fistula constitutes a se- 
rious inconvenience for the patient. Such fis- 
tulas can be closed by a pedicle flap made of the 


pectoralis major muscle covered by skin and 
subcutaneous tissue [3]. After the fistula has 
healed, the whole pleural cavity can be covered 
by skin so that the daily change of dressings 
becomes unnecessary. 
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ORIGINAL ARTICLES 


The Use of Chest Wall Muscle Flaps to Close 
Bronchopleural Fistulas: Experience with 21 Patients 


John R. Hankins, M.D., John E. Miller, M.D., and Joseph S. McLaughlin, M.D. 


ABSTRACT  Nineteen patients with bronchopleural 
fistulas associated with tuberculosis and 2 patients 
with fistulas following resection for bronchiectasis 
underwent closure of the fistulas with pedicled flaps 
of chest wall muscle. The muscle grafting was com- 
bined with a limited thoracoplasty in 13 patients. 
The initial myoplasty produced prompt fistula clo- 
sure in 15 patients and delayed closure in 2 others. A 
repeat myoplasty was successful in 2 patients in 
whom the initial myoplasty failed. Compared with 
other methods of treating bronchopleural fistulas 
used during the same period, muscle grafting carried 
a higher rate of successful fistula closure and a lower 
mortality rate. 


A number of techniques have been advocated 
to control persistent bronchopleural fistulas. 
Scarifying agents, radium implants, cauteriza- 
tion, packing, and inversion with pursestring 
suture have all been used with varying degrees 
of success [5, 7]. Pedicled flaps or grafts of chest 
wall muscle (myoplasties) were introduced by 
Abrashanoff [1] in 1911 and have proved to be 
an effective means of closing such fistulas. This 
report describes our experience over a 13-year 
period with the treatment of persistent bron- 
chopleural fistulas by myoplasty. 


Material and Methods 


Twenty-one patients with bronchopleural fis- 
tulas underwent a total of 23 muscle flap proce- 
dures at the Thoracic Surgical Services of the 
Mt. Wilson State Hospital for Pulmonary Dis- 
ease and the University of Maryland Hospital 
from 1963 to 1976. These patients ranged from 
19 to 64 years old with a median age of 48 years. 
Thirteen were white and 8 were black; there 
were 12 men and 9 women. 
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Nineteen patients had active pulmonary 
tuberculosis (Table 1). A fistula developed fol- 
lowing pulmonary resection in 15 of these 19 
patients. The following types of resection were 
employed: pneumonectomy in 1 patient, lobec- 
tomy in 4, bilobectomy in 1, lobectomy plus 
segmental or wedge resection in 6, segmental 
resection in 2, and subsegmental resection in 1. 
For 7 of these patients, sputum cultures were 
positive for Mycobacterium tuberculosis at the 
time of resection. Bronchopleural fistula and 
empyema from spontaneous rupture of tubercu- 
lous cavities into the pleural space developed in 
2 patients. Initial treatment, consisting of 
pleuropneumonectomy in 1 of these patients 
and decortication in the other, failed to resolve 
these fistulas. One patient was admitted with a 
fistula after having undergone rib resection and 
later decortication at another hospital for an 
empyema in which the underlying tuberculous 
cause was not suspected. In the remaining pa- 
tient a fistula developed that was accompanied 
by sputum positive for M. tuberculosis 21 years 
after a Lucite sphere plombage. She had been 
asymptomatic for more than 20 years. 

In 2 patients who formerly had had tuber- 
culosis but in whom the disease was no longer 
active, the fistula occurred following pulmo- 
nary resection for posttuberculosis bronchiec- 
tasis. These resections were lobectomy plus 
segmental resection in 1 patient and segmental 
resection in the other. 

Among the 17 patients in whom the time of 
onset of the fistula could be determined accu- 
rately, the interval between onset and myo- 
plasty ranged from just under 3 months to 10 
years, with the median interval being 6 
months. The time interval was difficult to de- 
termine in 4 patients in whom fistulas de- 
veloped before they were admitted to our in- 
stitutions. 


Preoperative Evaluation and Preparation 


Specimens were taken from the empyema 
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Table 1. Underlying Disease or Condition 
Associated with Bronchopleural Fistula 
in 21 Patients 


No. of 


Disorder Patients 


Tuberculosis 19 
Resection 
Decortication 1 
Plombage 1 
Intrapleural cavity 2 
rupture 


Bronchiectasis 
Resection 25 


?The following types of resection were performed in these 
patients: pneumonectomy in 1, lobectomy in 4, bilobec- 
tomy in 1, lobectomy plus segmental or wedge resection in 
6, segmental resection in 2, and subsegmental resection in 
1. 

One patient underwent lobectomy plus segmental resec- 
tion and the other, segmental resection. 


and pyogenic organisms were grown. In 3 pa- 
tients M. tuberculosis was grown from the em- 
pyema fluid. Sensitivity studies indicated the 
need for a change in the antimicrobial regimen 
before an attempt was made to close the fistula. 
Sensitivity to antibiotics also was determined 
for the pyogenic organisms found in the 
cavities, and appropriate antimicrobial agents 
instituted. Pseudomonas aeruginosa, Proteus, and 
Staphylococcus were among the more frequent 
organisms encountered. 

Bronchoscopy was routinely performed to 
rule out tuberculous endobronchitis and to 
check for excessive length of the bronchial 
stump. 

Sinograms were made for the majority of the 
patients to confirm the diagnosis of fistula, to 
identify the offending bronchus, and to deter- 
mine the size and adequacy of dependent 
drainage of the empyema cavity. 

Bronchography was not routine. At times it 
provided useful information about the length 
and condition of the bronchus giving rise to the 
fistula or about the remainder of the bronchial 
tree in the affected lobe or lung. 

Pulmonary function tests were carried out 
when possible. At times it was necessary to 
temporarily occlude the cutaneous opening of 
the fistula to obtain accurate spirometry. Poor 


pulmonary function was an indication to avoid 
thoracoplasty if possible or at least to limit the 
number of ribs that were removed in conjunc- 
tion with the myoplasty. 

Myoplasty was not considered an emergency 
procedure. It was performed only when the ac- 
tive infection in the cavity was under control 
and the patient was in optimal nutritional con- 
dition. 


Operative Management 


The presence of a fistula creates special prob- 
lems for the anesthesiologist. The loss of anes- 
thetic gases and oxygen through the fistula and 
drainage of infected material from the em- 
pyema cavity through the fistula into the de- 
pendent part of the tracheobronchial tree con- 
stitute real hazards. Although there are some 
advantages in the use of double-lumen endo- 
tracheal tubes, these have the disadvantages of 
being difficult to position accurately and of hav- 
ing such narrow lumens that thick secretions 
cannot be readily removed through them. We 
prefer to occlude the fistula by tight gauze pack- 
ing of the sinus tract during the initial stages of 
the procedure. After the sinus tract has been 
dissected down to the bronchus, the latter can 
be occluded by temporary sutures. In this way a 
single-lumen endotracheal tube can be used 
with impunity in most instances. 

In the majority of patients in this series, the 
operative approach was simply a reopening of 
the previously made posterolateral thora- 
cotomy. When a thoracoplasty was to be in- 
cluded with the myoplasty, the posterior end 
of the incision was extended cephalad almost to 
the level of the first rib. If it was anticipated that 
the pectoralis major or pectoralis minor muscle 
would be used, the incision was extended an- 
teriorly. 

The incision was developed through the ex- 
tracostal muscles down to the ribs. The fistula 
tract was excised from the skin opening down 
to the point where the tract passed through an 
intercostal space. When a thoracoplasty was 
performed, the upper 3, 4, or 5 ribs were re- 
sected subperiosteally, the number being de- 
termined by the size of the empyema space as 
shown on the sinogram (Table 2). A thoraco- 
plasty concomitant with myoplasty was per- 
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Table 2. Indications for Myoplasty in 21 Patients 


ee 


No. of 

Indication Patients 
Lx —————————— OO ÓÁf 
Failure of previous 5 

thoracoplasty 
Anticipated thoracoplasty 11 

failure 
To obviate thoracoplasty 5 





Table 3. Thoracoplasty or Unroofing of Empyema 
Performed in Conjunction with 23 Myoplasties 








No. of 

Procedure Procedures 
Limited, first-stage 11 

thoracoplasty 
Second-stage thoracoplasty 3 

(after previous 

thoracoplasty) 
Unroofing (removal of short 9a 


segments, 1 to 3 ribs) 





?Performed because of thoracoplasty failure in 4 instances 
and to obviate thoracoplasty in 5 instances. 


formed in 11 patients (Table 3). In resecting 
these ribs, great care was taken to preserve at 
least two intercostal muscles and their asso- 
ciated intercostal vessels for use as pedicled 
grafts (Fig 1). The periosteum from the ribs on 
either side and the underlying parietal pleura 
were left on the muscles to help ensure integrity 
of the intercostal vessels. Each muscle was di- 
vided anteriorly near the costochondral junc- 
tion and thus remained based on a posterior 
pedicle. In patients in whom a thoracoplasty 
had been performed previously and in those in 
whom a thoracoplasty was to be avoided, short 
segments of 1 to 3 ribs overlying the empyema 
cavity were resected to unroof it. In these situa- 
tions the intercostal muscles on either side of 
the resected ribs were again preserved for use 
as grafts. 

The empyema cavity was thoroughly exposed 
and unroofed, but extensive mobilization of the 
surrounding lung was avoided to prevent seri- 
ous air leakage. The cavity was cleansed of any 
necrotic or purulent material and the infected 
granulation tissue lining was removed by curet- 
tage. 





Fig 1. Method of developing and transferring to the 
bronchus an intercostal muscle graft. 


The bronchus from which the fistula origi- 
nated was dissected away from the wall of the 
empyema cavity and, where possible, up to the 
main airway from which it originated—that is, 
to the trachea in the case of a postpneumonec- 
tomy fistula or to the main bronchus for a post- 
lobectomy fistula. An excessively long bron- 
chial stump, even though securely sutured, 
predisposes to recurrence. After reamputation, 
the bronchus was closed with interrupted 
nonabsorbable sutures. 

The muscle flap was tacked over the stump 
using the ends of the bronchial closure sutures 
passed through the flap, plus additional tacking 
sutures around the edges as indicated (Fig 2). 
Finally, the muscle graft was sutured to the 
walls of the empyema cavity to ensure that it 
would remain in place and fill the cavity as 
completely as possible. 

It was possible to carry out the foregoing 
technique—that is, dissection of the bronchus 
with or without reamputation, followed by su- 
ture closure and muscle flap reinforcement of 
the closure—in 14 of the 23 myoplasties, or 
in 12 of the 21 patients (Table 4). In 3 patients 
it was not possible to dissect the bronchus suf- 
ficiently to allow suture closure, either because 
too short a stump remained or because of dense 
scarring. In these instances, the muscle graft 
was sutured to the stoma of the bronchus with 
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Fig 2. Technique of suture closure and muscle flap 
coverage used when the bronchial stump can be dis- 
sected. Inset shows cross-sectional view. 


interrupted sutures in such a way as to occlude 
it (Fig 3). 

In 4 other patients the bronchial fistulas 
were multiple, in some instances resembling a 
sieve. Here a combination of the two methods 
was used. The larger openings were closed by 
suture and then covered by the muscle flap, 
while the smaller ones were occluded by tack- 
ing the same flap over them. In 1 patient who 
had had a prolonged air leak in association with 
an empyema, the fistula could not be found 
after the empyema cavity was opened. The fis- 
tula also could not be located in a patient with 
postpneumonectomy empyema, although the 
preoperative bronchogram had clearly demon- 
strated one. The cavity in both patients was 
simply filled with the muscle flap. 


Table 4. Method of Management 
of Bronchus in 23 Myoplasties 








No. of 

Method Procedures 
Suture closure plus covering 14 

with muscle flap 
Flap sutured over open 3 

bronchus 
Combination procedure? 4 
Fistulous opening not 2 


located (muscle used to 
fill empyema cavity) 





“Multiple fistulas present: some sutured closed then cov- 
ered with flap, others simply covered with flap. 


It is essential that the muscle flap completely 
fill the empyema cavity. If one or two intercos- 
tal muscle grafts did not suffice, then other 
muscles in the vicinity of the thoracotomy, such 
as serratus anterior, latissimus dorsi, or sacro- 
spinalis, were used (Table 5). The muscle that is 
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Fig 3. Technique of occluding the open bronchus with 
the muscle flap, used when the bronchus cannot be dis- 
sected sufficiently for direct suture closure. Inset shows 
cross-sectional view. 


used must have an adequate blood supply and 
sufficient length to reach the fistula without 
tension. To allow for a certain amount of shrink- 
age and contracture, we believe that the length 
of the flap should be at least four times its 
width. In this series intercostal muscle alone 
was used in 14 operations and a combination of 
intercostal and extracostal muscles in 5 others. 
In 4 myoplasties the intercostal muscles could 
not be used because of excessive scarring, and 
extracostal muscles alone were used. One 
drainage tube was left within the empyema cav- 
ity but superficial to the graft. If a thoracoplasty 
was performed in conjunction with the myo- 
plasty, the second tube was left in the subscapu- 




















Table 5. Types of Muscle Used in 23 Myoplasties 


No. of 
Type of Muscle Used Procedures 
Intercostal muscles only 14 
Extracostal muscles only 
Both intercostal and 5 


extracostal muscles 


lar space. If extensive dissection of the lung was 
required, the second tube was left intrapleu- 
rally. Air leakage from the chest tubes continued 
for at least several days postoperatively in 
nearly all patients and was assumed to be due 
to superficial tears in the lung resulting from 
the dissection. In 1 patient the air leak con- 
tinued for more than 3 months but eventually 
ceased. Drainage of exudate from the tube that 
had been left in the empyema cavity declined 
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Table 6. Results of 23 Myoplasties in 21 Patients 








No. of 
Outcome Patients 
Successful closure 15 
Partial success? 2 
Failure 4b 





“Empyema cavity and fistula reduced in size; ultimate clo- 
sure occurred after hospital discharge. 

"Includes 1 hospital death; 2 patients whose fistulas were 
successfully closed by subsequent myoplasties; and 1 closed 
by second stage thoracoplasty. 


more gradually. Generally, this tube was han- 
dled as an empyema tube. It was cut off after 
approximately three weeks and the space was 
allowed to fill with granulation tissue. This re- 
quired usually 1 to 3 months, but in 2 patients 4 
and 6 months, respectively, were required be- 
fore final tube removal. 


Results 


Myoplasty was considered successful if the fis- 
tula was obliterated and chest tubes could be 
removed without further operative interven- 
tion. By these criteria the myoplasty was suc- 
cessful initially in 15 of the 21 patients (Table 6, 
Fig 4). 

In 2 patients myoplasty was only partially 
successful. Although the fistulas eventually 
closed without reoperation, the closure took an 
inordinately long time. Myoplasty reduced the 
size of both the empyema space and the fistula, 
allowing the patients to be discharged with 
empyema tubes in place. In 1, the air leak 
ceased after 4 years and the tube was removed 3 
months later. The other patient was readmitted 
41⁄2 months postoperatively with a severe head 
injury which proved rapidly fatal. At the time 
of readmission the chest tube was still in place 
but there was no mention of air leakage. 

In 4 patients the myoplasty failed to close the 
fistula. In 2, repeat myoplasties after intervals 
of 2 and 13 months, respectively, brought about 
closure. The reason for primary failure in 1 of 
these patients was probably an excessively long 
bronchial stump, but there was no apparent 
cause in the other. The third patient was admit- 
ted with a destroyed right lung accompanied by 
positive sputum cultures and a bronchopleural 


fistula. A pleuropneumonectomy was per- 
formed but a fistula again followed. Although 
the sputum was still positive, a myoplasty com- 
bined with a 5-rib thoracoplasty was per- 
formed, but this again was followed by recur- 
rence. Two weeks later a second thoracoplasty 
with removal of an additional 31/2 ribs was car- 
ried out and resulted in prompt closure of the 
fistula. The fourth patient had severe chronic 
lung disease, which led to respiratory failure 
after the myoplasty. Tracheal intubation with 
mechanical ventilation was required, and this 
undoubtedly contributed to reopening of the 
fistula and recurrence of the empyema. Ulti- 
mately, renal failure supervened and led to the 
patient's death 1 month after the operation. 


Comment 


The development of improved chemotherapy 
and better suture techniques and materials, as 
well as use of the automatic stapler, have low- 
ered the incidence of bronchopleural fistula fol- 
lowing pulmonary resection from 2896 two or 
three decades ago [6] to 396 or less in recent 
years [8, 10]. Nevertheless, postresection fistula 
remains an important problem for the thoracic 
surgeon. Also, there is a not-insignificant inci- 
dence of nonsurgical spontaneously occurring 
bronchopleural fistula associated with such 
diseases as lung abscess or empyema [2, 10, 12]. 
Patients with nonsurgical fistulas comprised 14 
(27%) of the 52 patients with fistulas reported 
by Malave and associates [10]. Further, the mor- 
tality rate from bronchopleural fistula remains 
high. Twelve, or 23.196, of those 52 patients 
died [10]. 

Adequate dependent surgical drainage is the 
sine qua non of the treatment of bronchopleural 
fistula. But drainage alone results in closure of 
less than 20% of fistulas [8, 10, 12]. In the re- 
mainder, further surgical procedures are re- 
quired. Decortication with revision of the em- 
pyema space may at times succeed [10, 12]. For 
patients with postpneumonectomy fistulas, 
reamputation of a long bronchial remnant will 
often effect closure [11]. But traditionally, the 
secondary procedures advocated when drain- 
age alone fails have included thoracoplasty 
first, and if this does not succeed, then either a 
further thoracoplasty or a further pulmonary re- 
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Fig 4. Serial chest roentgenograms in a 41-year-old man 
who underwent right upper and middle lobectomy for 
cavitary tuberculosis. (A) On admission. (B) Three 
weeks postresection, showing a large apical space. (C) 
Three months postoperatively. Despite adequate tube 
drainage, the sinogram shows a bronchopleural fistula. 
(D) Seven months after myoplasty and a 4-rib thoraco- 
plasty, the fistula and empyema have both become 
obliterated. 
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section. However, both of these latter opera- 
tions sacrifice potentially salvageable lung tis- 
sue. Many patients with fistulas have impaired 
cardiopulmonary function and either fail to 
survive such operations or become pulmonary 
cripples. Myoplasty offers the possibility of 
closing the fistula without excision of addi- 
tional lung tissue and with the removal of few, 
if any, additional ribs. 

Abrashanoff [1] with his report in 1911 de- 
scribed the use of muscle flaps to close bron- 
chopleural fistulas. In the United States, Eggers 
[5] in 1920 provided early impetus toward this 
use, as did Pool and Garlock [13]. The latter 
authors showed through animal experiments 
that muscle grafts implanted into bronchial fis- 
tulas unite firmly with the interior of the bron- 
chus and become covered by bronchial epi- 
thelium. Maier and Luomanen [9] in 1949 
reported their experience using the pectoralis 
major muscle after the method of Berry. In 1971, 
Barker and associates [2] described their mod- 
ification of this technique. Shenstone [14] in 
1936 popularized the use of intercostal muscles 
as grafts. Demos and Timmes [4] reported in 
1973 their use of this muscle, as did Delarue and 
Gale a year later [3]. 

We believe that myoplasty is indicated when 
a fistula persists despite adequate drainage and 
an adequate thoracoplasty (see Table 2) [2]. This 
was the indication in 5 patients with postresec- 
tion fistulas in our series, 4 of whom had 
undergone a thoracoplasty before resection and 
1, a thoracoplasty concomitant with resection. 

We believe a second indication for muscle 
grafting is anticipated failure of a thoracoplasty. 
An additional surgical procedure can be 
avoided if those patients in whom thoraco- 
plasty alone is likely to fail are identified and 
undergo myoplasty as a supplement to the 
thoracoplasty. Experience has shown that a 
conventional 5-rib thoracoplasty is unlikely to 
obliterate a fistula that follows a pneumonec- 
tomy or a large Lucite sphere plombage or, in 
certain instances, an upper lobectomy and 
superior segmentectomy. The addition of myo- 
plasty to the thoracoplasty in patients with 
such large empyema cavities usually makes it 
possible to obliterate both the cavity and the 
fistula by resection of fewer ribs than would 


otherwise have been necessary. Thus pulmo- 
nary function is conserved. Because of the 
anticipated failure of thoracoplasty alone, 
myoplasty concomitant with limited, first-stage 
thoracoplasty was performed in 11 patients. 

In 11 of the 17 patients reported by Barker 
and co-workers [2] a thoracoplasty preceded the 
myoplasty. The initial myoplasty was success- 
ful in 14 of the 17 patients. One patient died. 
But the average interval between the onset of 
the fistula and myoplasty was 40 months. 
Whereas the two series are not entirely similar 
in other respects, we think the results in our 11 
patients who underwent concomitant myo- 
plasty and limited, first-stage thoracoplasty 
compare favorably with those of Barker's series. 
If the 2 patients who were admitted with fis- 
tulas of 6 and 10 years' duration, respectively, 
are excluded, the average interval from onset of 
fistula to myoplasty in our patients was only 6 
months. None of the patients died, and al- 
though myoplasty failed initially in 3 patients, 
all 3 subsequently achieved successful closure 
through other operations after intervals rang- 
ing from 1 to 17 months. 

It could be argued that in some of these 11 
patients, fistula obliteration would have oc- 
curred with thoracoplasty alone. This will re- 
main a moot point. Nevertheless, the addition 
of myoplasty to thoracoplasty did not increase 
the operative mortality. It appears to have 
saved at least some of the 11 patients an 
additional operation. And it considerably re- 
duced hospital stay. 

A third indication for myoplasty is the situa- 
tion in which a myoplasty would likely obviate 
the need for a thoracoplasty altogether. In pa- 
tients with a fistula associated with a small em- 
pyema space below the level of the posterior 
end of the fifth rib, such as may occur after a 
lower lobectomy, myoplasty alone will often 
successfully obliterate the fistula and the space. 
Moreover, it will do so with far less com- 
promise of pulmonary function than would 
occur if enough ribs were removed to collapse 
such a space. Five of the myoplasties in the pres- 
ent series were performed for this indication. 

It is interesting to assess the results in the 21 
patients treated by myoplasty in relation to 
those in 52 other patients with bronchopleural 
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fistula treated by other methods during the 
same period. The two groups are not necessar- 
ily comparable to the point of statistical valid- 
ity, and some selection of the more favorable 
cases may have occurred in the myoplasty 
group. Conversely, the nonmyoplasty group 
contained 9 patients whose fistulas healed after 
surgical drainage alone. Ultimate fistula oblit- 
eration occurred in 17 of the 21 patients in the 
myoplasty group, but in only 27 of the 52 pa- 
tients in the other group. One of the myoplasty 
group and 15 of the other group died. The high 
rate of fistula closure and the low mortality rate 
associated with myoplasty encourage us to con- 
tinue using the procedure in patients in whom 
it is indicated. 
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Analysis of Factors Leading 


to Posttraumatic Pulmonary Insufficiency 


Robert L. Fulton, M.D., Abi V. S. Rayner, M.D., Calvin Jones, M.D., 


and Laman A. Gray, Jr., M.D. 


ABSTRACT Clinical and pathological data on all 
trauma patients (113) on whom a postmortem exam- 
ination was performed between January, 1975, and 
July, 1976, were analyzed to determine the factors 
leading to posttraumatic pulmonary insufficiency 
(PTPI) defined as treatment-resistant lung failure. 
Fifty-nine patients died within 3 days of injury; 28 
had suffered hemorrhagic shock and received mas- 
sive fluid therapy (>10 liters). While mechanical 
ventilation was used more often in those patients 
suffering from shock (p < 0.01), only 3 died with 
lung failure. There was little difference in lung 
weight and histopathological findings between pa- 
tients suffering from shock and patients who died of 
head injury (who received little intravenous resusci- 
tation). Interstitial edema and atelectasis were pres- 
ent in both groups. The 3 patients with early PTPI 
had hemorrhagic consolidation and alveolar edema. 
Of the 54 patients who died after 72 hours, 32 had 
PTPI. Shock and its treatment were not associated 
with late PTPI (p > 0.08). The three factors asso- 
ciated with late PTPI were sepsis (p < 0.001), pul- 
monary infection (p < 0.001), and remote infection 
(p < 0.001). Thirty of 32 patients had pneumonia 
with klebsiella or pseudomonas or both. 

Most patients suffering from shock do not have 
pulmonary failure, and modern ventilatory support 
is adequate treatment for the usually mild respi- 
ratory dysfunction they experience. The combina- 
tion of mild pulmonary edema and mechanical 
ventilation may lead to gram-negative pulmonary 
infection manifest as PTPI. 


Hemorrhagic shock is reversible in the labora- 
tory model [5], but the fate of an individual pa- 
tient suffering severe hemorrhage is not yet 
predictable. Organ system dysfunction, such as 
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renal or pulmonary failure, that occurs follow- 
ing adequate hemodynamic stabilization has 
long been attributed to the shock associated 
with trauma |1, 4]. 

Recently, Fulton and Jones [8], Horovitz and 
associates [12], and Polk and Shields [18] impli- 
cated gram-negative sepsis rather than shock in 
severely injured individuals as the cause of 
organ failure such as life-threatening pulmo- 
nary insufficiency. It has been suggested that 
shock predisposes to infection [8]. Esrig and 
Fulton [7] demonstrated apparent susceptibility 
to pneumonia in shock-resuscitated dogs and 
were able to reproduce so-called shock lung in 
this model by infecting the animals, an insult 
that control animals resisted. Esrig and as- 
sociates [6] showed that sublethal doses of 
intraperitoneal bacteria in shocked rats lead 
uniformly to death, a result suggesting that a 
deficit in the fundamental host defense mecha- 
nism develops as a result of a major hypoten- 
sive episode. 

Reviewing pancreatic injuries, Heitsch and 
co-workers [10] could not conclude that shock 
predisposed to sepsis. Similarly, Seimens and 
associates [21] found an insignificant incidence 
of infection in patients with chest wounds, 
many of whom had been severely hypotensive. 
Because of these contradictory studies, we reas- 
sessed our experience. We were particularly in- 
terested in the clinical and pathological pulmo- 
nary findings in patients who died of or with 
hemorrhagic shock compared with patients not 
subjected to shock; the relationship between 
shock and severe infection; the temporal de- 
velopment of pulmonary failure; and the rela- 
tionship of pulmonary and remote infection to 
the development of posttraumatic pulmonary 
insufficiency (PTPI). 


Clinical Material 


Approximately 2,000 acutely injured patients 
were admitted to the Emergency Surgery Ser- 
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Table 1. Data Showing Primary Sites of Injury, Time of Death, Incidence of Shock, PTPI, and Sepsis 








No. of Multiple Dying Dying 

Primary Site of Injury Patients Injury <72 hr >72 hr Shock PTPI Sepsis 
Brain 51 12 35 16 6 5 11 
Spinal cord 4 2 0 + 1 4 4 
Thorax without lung 7 7 2 5 4 4 + 
Lung without chest wall 3 3 2 1 2 1 1 
Chest wall and lung 12 12 9 3 11 1 2 
Abdomen without bowel 6 5 1 5 5 4 4 
Abdomen with bowel 17 12 2 15 16 13 12 
Major fracture 4 0 0 4 1 1 2 
Vascular 6 6 6 0 6 2 0 
Heart 2 2 2 0 2 0 0 
Extremity without fracture 1 0 0 1 0 0 0 

Total 113 61 59 54 54 39 40 

Percent of total 100 54 52 48 48 31 35 





PTPI = posttraumatic pulmonary insufficiency. 


vice at the Louisville General Hospital during 
the eighteen-month period ending July, 1976. A 
postmortem examination was done of 113 of 
these patients, and they constitute the data base 
for this study. The distribution of patients ac- 
cording to primary organ system injury, time of 
death, and clinical course is shown in Table 1. 
Fifty-four percent of the patients sustained mul- 
tiple injuries, while 36% had three or more 
organ systems involved. One-half of the in- 
juries (50.1%) were due to penetrating trauma, 
while blunt trauma (45%) and burns (4.4%) 
constituted the remainder. Almost half (48%) of 
the patients were admitted while in hemor- 
rhagic shock, 31% had treatment-resistant 
pulmonary failure (PTPI), and 35% became se- 
verely infected. 

Five criteria were used to define the various 
clinical variables. Because these definitions 
were discussed previously [8], they are only 
outlined here. 


Hypovolemic shock: Admitting blood pressure 
(BP) < 80 or operative BP < 60, or requiring 
> 10 liters of fluid during resuscitation, or 
both 

Massive fluid therapy (MFR): > 10 liters per 24 
hours 

Sepsis: Severe, prolonged infection requiring 
therapy such as debridement, abscess drain- 
age, or broad-spectrum antibiotics. Also, in- 


fection with pseudomonas, klebsiella, or 
candida 

Pulmonary infection: Clinical, roentgeno- 
graphic, and bacteriological evidence of lung 
infection, microscopically documented pneu- 
monia, or both 

Pulmonary failure: Inability to oxygenate blood 
due to parenchymal lung disorder. Requires 
prolonged ventilatory support or Fro, 2 0.5 or 
positive end-expiratory pressure with inap- 
propriately low Po,. Excludes patients with 
neurological or chest wall injury who require 
mechanical aid but can exchange respiratory 
gases 


Temporally related clinical causes of death 
were determined. In the first 72 hours 59 pa- 
tients died; 16 of them died in the operating 
room from uncontrollable hemorrhage. Six pa- 
tients died from shock after hemorrhage was 
controlled. The majority of early deaths (35 pa- 
tients) were due to severe brain injury. Fifty- 
four patients died 72 hours or more following 
injury. Most late deaths were due to sepsis, 
pulmonary failure, and multiple-system organ 
failure. 


Results 
Early Deaths 


Fifty-nine (52%) of the patients died within 72 
hours of admission predominately of exsangui- 
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Table 2. Average Fluid Volumes Given 
to the 59 Patients Who Died Early 








Head Injury Shock and 
(nonshock) Resuscitation 
Fluid (N 2 32) (N = 27) 
Crystalloid pe | Ie ae 9.0 = 8.7 
(liters) 
Colloid 0 4.2 * 3.8 
(units) 
Blood (units) 0.4 € 0.9 10.5 = 15.0 
Total fluids 22314 15.6 = 17.6 
(liters) 





nation or neurological injury. These patients 
were divided by the nature of the injury into 
two groups: those who were suffering from se- 
vere shock and required large-volume fluid re- 
suscitation and those who had relatively little 
cardiovascular instability and were therapeuti- 
cally dehydrated. The volume of crystalloid 
(primarily Ringer's lactate), colloid (fresh- 
frozen plasma, platelets), and blood adminis- 
tered within 24 hours before death in these two 
groups is recorded in Table 2. 

Most patients who died early required ven- 
tilatory support, but only 3 patients could not 
be adequately oxygenated (early PTPI). All 
other patients, including those who died in the 
operating room, had adequate arterial oxygena- 
tion commensurate with their ventilation 
Status. 


Patients who had been in shock and received 
MFR required mechanical ventilation and en- 
dotracheal intubation more often than those not 
in shock (Table 3). Although pulmonary failure 
was not Statistically related to shock and MER, 3 
patients in this group had frank PTPI, and 5 
patients who died early suffered other organ 
system failure. However, small numbers pre- 
clude statistical analysis. Evidence of pulmo- 
nary infection occurring in less than 72 hours 
was documented by clinical evaluation, sputum 
smear, culture, or histopathological findings in 
8 patients. Infection was statistically unrelated 
to shock. 

The average lung weight of the shock victims 
was 1,310 + 458 gm, somewhat above normal, 
while average lung weight of the head-injury 
group was 1,107 + 407 gm. These differences 
are not statistically significant (p > 0.05). 
Moreover, regression analysis disclosed no cor- 
relation between lung weight and fluid re- 
ceived. Therefore, it may be concluded that 
MFR and shock do tend to increase lung 
weight. However, because there is little rela- 
tionship between lung weight and amount of 
fluid infused, it is not possible to determine 
exactly what factors increase lung weight in the 
dying patient. Gross and microscopical find- 
ings in patients who died early (Table 4) dis- 
closed no statistically significant differences be- 
tween the shocked victims and those without 
shock. An example of a so-called typical lung 


Table 3. Ventilatory Status of 59 Patients Who Died Early 





Shock/ 
Head Injury MFR 
(N = 32) (N = 27) Chi-Square 
Status (96) (96) and p Value 
——————————————Á—— ——'ÉÉÓURLI Le ee ek, eee 
Mechanical ventilator used 12 (38) 23 (85) 11.563? 
«0.001 
Endotracheal tube used 22 (69) 26 (96) 7.369? 
«0.01 
Fir! 0 (0) 3 (11) 1.797 
0.1 
Evidence of pulmonary infection 6 (19) 2 (7) 0.785 
2025 
Other organ system failure 2 (6) 3 (11) 0.0395 
=0.9 





“Mechanical ventilation and endotracheal tubes were used statistically more often in the shock-MFR group than in the 


head-injury group. 


PTPI = posttraumatic pulmonary insufficiency; MFR = massive fluid resuscitation therapy. 
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Table 4. Gross and Microscopical Pulmonary Pathological Findings in the Patients Who Died Early 


LLL ————————————————— 


LL — ——7337;PPUUUUUUUPDUUUUUUUU07075O 


Head Injury 
(N = 32) 
Gross = 26 
Factor Micro = 17 
Lung weight (gm) 1,107 + 407 
Pulmonary edema 11 
Bronchopneumonia 2 
Tracheobronchitis 9 
Atelectasis 3 
Alveolar edema 11 
Interstitial edema 11 
WBC infiltrate 5 
Hemorrhagic consolidation 7 
Hyaline membrane 0 
Microemboli 1 


Shock 
(N = 27) 
Gross = 21 Chi-Square 
Micro = 11 and p Value 
1,310 + 458 NS 

5 NS 

1 NS 

2 NS 
10 NS 

3 NS 

5 NS 

3 NS 

3 NS 

0 NS 

1 NS 





WBC = white blood cell; NS = not statistically significant. 


found in the patient with a head injury is seen 
in Figure 1. Hemorrhagic consolidation and 
edema were common findings in this group but 
were not uniform throughout the lung. Figure 2 
shows the essentially normal lung tissue found 
in most of the patients who died of shock. Ab- 
normalities such as atelectasis, edema, and 
tracheobronchitis, which may predispose to 
subsequent pneumonia, occurred in both 
groups, and some patients had evidence of in- 


Fig 1. Hemorrhagic consolidation and alveolar edema in 
nonuniform distribution were common findings in the 
lungs of the dehydrated head-injury patients. (H&E; 
original magnification X35.) 


flammation and early infection (white blood cell 
infiltrates or bronchopneumonia) within 48 
hours of injury. Microemboli were rarely 
found. 

All 3 patients with early PTPI suffered ma- 
jor vascular and thoracoabdominal gunshot 
wounds. They differed from the majority of 
shock victims in that the hemorrhage was un- 


Fig 2. The usual, normal-appearing lung tissue found in 
patients who died early of hemorrhagic shock. The pa- 
tient whose lung is shown here died in the operating 
room of exsanguination after receiving massive fluid 
therapy. Pulmonary function was adequate. (H&E; 
original magnification X35.) 
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Fig 3. A portion of a lung taken from a patient dying of 
early PTPI. A platelet thrombus is seen as well as inter- 
stitial edema and some hemorrhagic consolidation. Al- 
veolar edema was present. (H&E; original magnifi- 
cation X97.) 


controllable for a prolonged period as con- 
trasted to either death from exsanguination or 
prompt resuscitation with later death. These 3 
patients survived the initial 24 hours, having 
received an average of 22.7 liters of crystalloid, 
23.7 units of colloid, and 29.3 units of blood. AII 
3 continued to bleed following operation, and 1 
required reoperation. The lungs were grossly 
edematous, averaged 1,725 gm in weight, and 
showed the histological picture of hemorrhagic 
consolidation and edema (Fig 3). There was 


evidence of renal failure in all 3 and heart fail- 
ure in 2. Gross fecal contamination from a colon 
wound was present in 1 patient who had evi- 
dence of both peritonitis and pneumonia at 
postmortem examination. The small numbers 
obviate statistical analysis, but it must be con- 
cluded that prolonged hemorrhage with im- 
mense fluid infusion occasionally leads to pul- 
monary failure. 


Late Deaths 


The relationship of various clinical factors to the 
occurrence of PTPI is shown in Table 5. Of the 
35 patients who developed PTPI (early and 
late), 22 were admitted in shock, 17 received 
MFR, 21 suffered multiple injuries, and 18 sus- 
tained neurological injury. Thirty-three of the 
35 patients showed evidence of pulmonary in- 
fection, and 31 were frankly septic. 

Hemorrhagic shock, MFR, and neurological 
injury were not statistically associated with 
PTPI in patients who died three or more days 
after injury (Table 6). However, sepsis, pulmo- 
nary infection, and abdominal infection still 
correlated significantly with pulmonary failure. 
The vast majority of those patients with abdom- 
inal infection (93.3%) and sepsis (81.1%) had 
PTPI. Multiple foci of infection were common, 
and remote infection was likely to coexist with 
pulmonary infection (p < 0.001). Twenty-one of 
24 patients with remote infection also had 
pneumonia. 


Table 5. Statistical Relationship of Various Clinical Factors to Development of PTPI (All Patients) 


No. of No. with 
Clinical Factor Patients PTPI 
Hemorrhagic shock 59 22 
Multiple injury 61 21 
Pulmonary infection 57 33 
Abdominal infection 16 15 
Sepsis 41 31 
Neurological injury 72 18 
Thoracic injury 46 17 
Abdominal injury 42 23 
Thoracoabdominal injury 28 13 
Fracture 13 6 
Massive fluid therapy 31 p 


PTPI — posttraumatic pulmonary insufficiency. 


Percent of Factor 

in PTPI Patients Chi-Square p Value 
62.8 3.781 «0.05 
60.0 5.077 «0.02 
94.3 36.49 «0.0001 
42.8 31.02 «0.0001 
88.6 56.73 «0.0001 
51.4 4.127 «0.05 
48.6 0.870 0.25 
65.7 15.966 «0.001 
A. 3.253 20.05 
1r.1 2323 0.10 
48.6 9.894 «0.001 
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Table 6. Association of Clinical Factors with PTPI (Late Deaths) 


a aaalllt 


Percent of Factor 


a 


No. of 

Patients No. with 
Factor (N = 54) FIPI 
Hemorrhagic shock 26 19 
Massive fluid therapy 18 14 
Neurological injury 30 n 
Sepsis 37 30 
Abdominal infection 15 14 
Pulmonary infection 38 29 


in PTPI Patients Chi-Square p Value 
59.5 2.938 0.08 
43.8 2.771 —0.10 
53.1 0.024 =0.8 
93.8 20.400 <0.001 
43.8 8.130 <0.005 
90.6 13.162 <0.001 





PTPI = posttraumatic pulmonary insufficiency. 


After 72 hours following injury, assisted ven- 
tilation was no longer related to previous 
hemorrhagic shock (p > 0.08). Prolonged intu- 
bation was associated with increased frequency 
of pulmonary infection, sepsis, and PTPI. 
However, a causal role of respiratory support in 
the development of sepsis and PTPI cannot fully 
be shown from this analysis. PTPI developed in 
20 (62.5%) of the patients who had been suc- 
cessfully weaned from initial ventilatory sup- 
portive measures prior to having refractory 
lung failure. 

Based on clinical appraisal and positive cul- 
ture reports, evidence of pulmonary infection 
was more consistently present at 72 hours in 
those patients who had PTPI (p < 0.01) than in 
those in whom no pulmonary failure occurred. 
Pneumonia with severe respiratory distress was 
rapidly fatal in 4 patients, with death occurring 
within 120 hours. 

The typical histological picture of PTPI (late) 
(Fig 4) is essentially bacterial pneumonia in that 
the lung is filled with inflammatory cells. 
Hyaline membranes and microemboli appear 
late and may be assumed to be the result, not 
the cause, of PTPI. Edema occurred equiva- 
lently in the patients without PTPI and was so 
nonspecific that it must not be considered 
pathognomonic of PTPI. Table 7 compares the 
gross and microscopical findings between pa- 
tients with and without PTPI. 


Sepsis 

Systemic sepsis developed in 39 of the 61 pa- 
tients who survived beyond the first 48 hours 
following injury. Although sepsis was asso- 





Fig 4. Late PTPI is manifested by septic destruction of 
lung tissue. Hyaline membranes are probably second- 
ary. Gram-negative bacteria were responsible for the 

pneumonia. (H&E; original magnification X97.) 


ciated with patients who received the greatest 
amount of blood (p < 0.05), no statistically sig- 
nificant relationship could be demonstrated be- 
tween sepsis and the presence of multiple in- 
juries (p = 0.21), oligemic shock (p = 0.23), and 
massive fluid therapy (p = 0.57). Furthermore, 
the use of so-called prophylactic preoperative 
antibiotics was inconsequential to the occur- 
rence of sepsis (p = 0.77). 

The primary focus of infection was pulmo- 
nary in 19 patients, intraabdominal in 13, 
wound sepsis in 4, and urinary tract in 3 pa- 
tients. Multiple foci of infection were present in 
24 patients. A significantly higher incidence of 
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Table 7. Gross and Microscopical Pulmonary Pathological Findings in the Patients Who Died Late 


PTPI 

Factor (N = 32) 
Lung weight (gm) 1,592 + 656 
Pulmonary edema 12 
Bronchopneumonia 21 
Tracheobronchitis 16 
Atelectasis 5 
Alveolar edema 10 
Interstitial 19 

edema 
WBC infiltrate 30 
Hemorrhagic 14 

consolidation 
Hyaline membrane 8 
Microemboli 7 
Pulmonary 42 

embolism 


*All patients with pulmonary emboli also had pneumonia. 
"Three of 5 patients also had pneumonia. 


PTPI Absent Chi-Square 
(N = 22) and p Value 
1,087 = 374 t test = 4.812 
<0.0005 
7 0.0195 
>0.99 
9 4.304 
<0.05 
6 1.927 
>0.10 
2 0.0922 
=0.75 
9 0.1027 
>0.99 
9 2.601 
>0.10 
14 5.966 
<0.025 
8 0.529 
20.5 
1 3.767 
=0.05 
3 0.8954 
>0.30 
o" 0.3835 
20.5 


PTPI = posttraumatic pulmonary insufficiency; WBC = white blood cell. 


pneumonia (p — 0.003) occurred in the presence 
of extrapulmonary sources of sepsis. 

PTPI was most closely related to the pres- 
ence of pneumonia (p « 0.0001) and sepsis 
(p « 0.00001). Extrapulmonary multiple organ 
system failure was also correlated with the 
presence of sepsis (p « 0.001). Sepsis was doc- 
umented in 14 of 15 patients with clinically rec- 
ognized upper gastrointestinal bleeding, 12 of 
17 with cardiac compromise, 19 of 23 with renal 
failure, 14 of 16 with hepatic dysfunction, and 
13 of 17 with cerebral aberrations. The de- 
velopment of these organ system complications 
could not be correlated with the presence of 
hypovolemic shock. 

Every patient who died of the septic form of 
PTPI had positive lung cultures for klebsiella 
(24/31), pseudomonas (20/31), or both. Fre- 
quently, multiple foci (17/31) were infected with 
klebsiella or pseudomonas. However, 10 of 22 
patients who survived more than 72 hours fol- 
lowing injury in the absence of PTPI had either 


no clinical indications for culture or a normal 
culture. Two patients harbored Staphylococcus 
aureus and Candida albicans. In 10 others cul- 
tures were positive for klebsiella (6/22), pseu- 
domonas (7/22), or both. In only 4 patients 
out of 22, however, were cultures from ex- 
trapulmonary sites positive, and in only 5 were 
there other coexistent gram-negative organ- 
isms. 

Despite in vitro sensitivities of the cultured 
gram-negative organisms, antibiotics alone ap- 
peared to be ineffective in abrogating sepsis. 
Fifteen of 27 sites positive for klebsiella and 23 
of 29 that grew pseudomonas remained posi- 
tive on subsequent culture despite use of spe- 
cific antibiotics. Superinfection with organisms 
such as serratia was not infrequent. 


Comment 

In 1950, a report [13] concerning respira- 
tory failure described 11 septic patients with 
pulmonary insufficiency, none of whom had 
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received massive fluid infusion. The study 
suggested that massive fluid therapy leads to 
pulmonary congestion, and the possible role of 
sepsis as a cause of PTPI was only briefly men- 
tioned. For the next twenty years, clinical and 
laboratory investigation was based on the 
premise that fluid infusion was a fundamental 
cause of PTPI. 

During the Vietnam conflict, hypoxemia 
noted in combat casualties was attributed to 
factors including shock, fluid overload, and 
emboli of variable source, although statistical 
analysis between these factors and pulmonary 
failure was never accomplished [22]. Indeed, 
very few of the more than half-million casual- 
ties in Vietnam who survived initial wounding 
had PTPI as defined here. As PTPI became more 
frequently recognized in civilian hospitals, 
shock and its treatment were again implicated 
as causing this insufficiency [1, 19]. It was not 
until Horovitz and co-workers [12] suggested 
that the incidence of PTPI following uncompli- 
cated hemorrhagic shock in man was only 3% 
that other causative theories for PTPI appeared. 
Although heavy lungs may be found in shock 
victims [9], clinical dysfunction is usually mild 
and easily treated. Furthermore, laboratory 
studies have clearly indicated that profound 
pulmonary changes are difficult to produce 
solely by shock and fluid resuscitation [7, 14]. 

Fulton and Jones [8] showed that the inci- 
dence of PTPI (severe lung failure) was about 
11% in badly injured patients and that pulmo- 
nary infection, remote infection, or a combina- 
tion of the two was the clinical condition most 
closely associated with PTPI. Hemorrhagic 
shock and its treatment per se did not correlate 
with severe pulmonary failure. 

The present study defines the following four 
patient groups: Group 1—those patients dying 
of exsanguination during treatment who show 
mild clinical and pathological evidence of pul- 
monary dysfunction; Group 2—those patients 
with prolonged or irreversible shock who have 
PTPI and survive at least 24 hours; Group 
3—those patients with lethal brain injury who 
have congestive atelectasis, pulmonary edema, 
and mild to moderate pulmonary failure; and 
Group 4—those patients who have severe infec- 
tion and multiple-system organ failure, includ- 
ing pulmonary failure, following trauma. - 


This investigation confirms previous studies 
[8, 12] that document that PTPI does not occur 
in the majority of shock patients. Although 
these patients frequently require mechanical 
ventilation, one can predict that early severe 
pulmonary dysfunction will not occur if expedi- 
tious stabilization of the hemodynamic status 
can be accomplished. Although lung weights 
were not massively elevated in these patients 
(Group 1), the interstitial edema that does oc- 
cur may lead to alterations in compliance, 
alveolar-arterial oxygen pressure gradients, ven- 
tilation-perfusion deficits, and other mild but 
reversible changes in the lung. Even though me- 
chanical ventilation is frequently employed, its 
use does not imply lung failure. 

Group 2 patients have severe pulmonary 
edema, congestion, and loss of function very 
early. In our experience, such patients are un- 
usual because they are characterized by severe 
prolonged hemodynamic instability, persistent 
bleeding, and continued need for infusion of 
massive volumes of fluid. Cardiac decompensa- 
tion may be evident. Patients with continued 
bleeding who require excessive fluid replace- 
ment accumulate the excess fluid in the lungs as 
well as other tissues. Other causative factors 
that may be important remain speculative [2 ]. It 
is our hypothesis that the pulmonary edema 
that develops is proteinaceous in character and 
independent of the nature of the resuscitative 
fluids. Pulmonary congestion develops in those 
patients with refractory shock who receive ex- 
cess fluid replacement because of capillary 
pressure alterations and fluid accumulation in 
excess of lymphatic removal. Rapid and com- 
plete cessation of hemorrhage, hemodynamic 
stabilization, and judicious management of 
respiratory therapy will probably obviate this 
dire complication. 

Group3 patients are enigmatic. The pathologi- 
cal changes are locally profound and suggest 
a severe pulmonary dysfunction not clinically 
apparent. It is speculative that sudden severe 
Valsalva-like maneuvers or attempts to breathe 
against a dysfunctional glottis produced by 
the head injury lead to increased capillary pres- 
sures with resultant capillary disruption and 
hemorrhagic consolidation. It is probable that 
increased intracranial pressures and cerebral 
hypoxia lead to pulmonary changes. Moss and 
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associates [17] attributed shock lung to such 
mechanisms, but the concept is in fact more 
easily applied to head injury than hemorrhagic 
shock. 

The Group 4 patients hold the most practical 
interest at present. Group 1 patients die of 
hemorrhage without serious pulmonary in- 
volvement, Group 2 patients die of lethal injury 
and refractory shock, and Group 3 patients have 
irreversible brain damage. Group 4 patients are 
those who survive the injury and initial treat- 
ment. Almost all reach respiratory and hemo- 
dynamic stability but later have infection 
and subsequent organ system failure. The 
mechanism for the development of sepsis and 
PTPI in these patients is not completely known. 

From our clinical [8] and laboratory experi- 
ence [7] we would postulate that the initial 
penetrating or blunt injury may damage the 
lung directly. Aspiration of gastric contents is 
common. Although it is unlikely that hemor- 
rhage directly affects the lung severely, fluid re- 
suscitation does produce some pulmonary ac- 
cumulation of water. Moreover, these patients 
are in pain, effectively hypoventilate, and re- 
ceive analgesics and other respiratory de- 
pressants. As a result, almost all require some 
mechanical ventilatory support with endo- 
tracheal tubes, perhaps resulting in oropha- 
ryngeal bacterial colonization of the lung. In 
the presence of suppressed immune mecha- 
nisms, this situation may predispose to pneu- 
monia [15], which can be initiated within hours 
of injury even though it may not be apparent as 
PTPI for days. Bacterial pneumonia leads to de- 
struction of lung tissue and the functional def- 
icit known as PTPI. Hyaline membranes and 
thrombi in capillaries probably result from the 
necessity for oxygen or pressure therapy or 
both and the infective process [11]. 

Perhaps, in this study, the use of prophy- 
lactic broad-spectrum nonspecific antibiotics 
facilitated gram-negative bacterial infection. In 
the population described, pseudomonas or 
klebsiella were the causative organisms of the 
pneumonia-PTPI complex. Other hospitals may 
have different experiences. 


`- Group 4 patients frequently have multiple 


‘sources of infection. Eventually, all with remote 
infection and the need for mechanical ventila- 


tion will have gram-negative pneumonia. Some 
seem to have remote nonpulmonary infection 
prior to or concurrent with the pulmonary in- 
sult [8]. The bacterial flora of both sites even- 
tually becomes similar. We believe that the 
pulmonary infection can either start in the lung 
or result from remote infection. Others have 
produced PTPI experimentally by intravascular 
injection of bacteria [11]. Experimental peri- 
tonitis leads to pulmonary changes very similar 
to those seen in PTPI [3]. In fact, the experi- 
ments of Clowes [3] and Holcroft [11] and their 
co-workers appear to most closely resemble 
clinical PTPI as described in Group 4 patients. 

Alterations in the basic host defense mecha- 
nisms following shock and trauma have been 
described [20]. Although a clear description and 
statistical correlations are presently lacking, it 
seems likely that both humoral and cellular 
immune mechanisms are altered in severe in- 
jury. Established infection greatly alters the 
immune mechanism [16]. Specifically, Fry and 
Flint have shown in experimental work in prog- 
ress that bacterial clearance of the lung is se- 
verely depressed by peritonitis. 

Properly treated shock does not cause PTPI, 
although some patients subject to shock have 
sufficient pulmonary dysfunction to require ven- 
tilatory support. Severe infection and gram- 
negative pneumonia, possibly enhanced by a 
shock-related immunodepression, cause late 
PTPI. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-fifth Annual Meeting of the South- 
ern Thoracic Surgical Association will be held at 
the Marco Beach Hotel, Marco Island, FL, on 
Nov 2-4, 1978. Please note the changes both in 
meeting site, initially given as Bermuda, and in 
date, originally scheduled for Nov 9—11, 1978. 
There will be a $100 registration fee for non- 
member physicians except for guest speakers, 


authors and coauthors on the program, and resi- 
dents. 

Applications for membership should be com- 
pleted by Sept 1, 1978, and forwarded to Ronald 
F. Galloway, M.D., 1467 HarperSt, Augusta, GA 
30902. 

J. Kent Trinkle, M.D. 
Secretary- Treasurer 








“Total” Therapy for Small 


Cell Carcinoma of the Lung 
Ralph E. Johnson, M.D., Harmar D. Brereton, M.D., 


and C. Harry Kent, M.D. 


ABSTRACT Seventy-one consecutive patients with 
small cell carcinoma of the lung were treated with an 
integrated approach between November, 1974, and 
May, 1977. The regimen included radiotherapy to 
the primary site, relatively brief (6 to 12 weeks) al- 
though intensive chemotherapy, and prophylac- 
tic cranial irradiation. Complete responses were 
achieved in 7596 and 4096 of patients with limited 
and extensive disease, respectively. Modest prolon- 
gation of survival (median, 10 months) was realized 
by patients with extensive disease, but prolonged 
relapse-free survival was not observed. In contrast, 
one-half of the patients with limited disease who 
achieved a complete response have remained clini- 
cally free of disease without further treatment for a 
mean of 18 months (range, 6 to 33 months). Since all 
relapses to date have been noted within the first year 
following cessation of treatment, this experience 
suggests there may be a potential for cure in those 
survivors who are now relapse free for intervals ex- 
ceeding two years. 


Undifferentiated small cell carcinoma of the 
lung is the most virulent form of lung cancer. 
While there are several morphological variants 


of which the lymphocyte-like or so-called oat: 


cell type is the most common, the prognosis 
does not correlate with histology. Nearly all 
cases of small cell carcinoma of the lung are 
characterized by a pattern of rapid growth, ex- 
tensive regional lymphadenopathy at diag- 
nosis, and a marked propensity for extra- 
thoracic dissemination. It is the last factor 
that has thwarted past efforts to achieve cure 
using either surgery or irradiation alone. A 
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classic illustration was the Medical Research 
Council trial in England in which patients with . 
clinically localized disease were assigned ran- 
domly to primary treatment by either resection 
or irradiation [3]. Although only patients with a 
relatively favorable prognosis were accessioned 
to this study, almost all of them died of distant 
metastases with both forms of therapy, and the 
five-year survival rate was less than 596. 

Appreciation of the high probability for oc- 
cult metastases thus prompted a subsequent 
trial comparing radiotherapy alone with sys- 
temic chemotherapy alone [8]. The mean sur- 
vival for the radiotherapy group (218 days) was 
slightly superior to that of the chemotherapy 
group (87 days), but again less than 596 of pa- 
tients with either treatment survived five years. 
More recently, several studies [2, 4, 5]. have 
been reported in which irradiation of the pri- 
mary site and chemotherapy were combined. 
The results indicated some prolongation of sur- 
vival but failed to achieve the desired goal of 
disease-free survival following the cessation of 
treatment in any meaningful number of pa- 
tients. Nonetheless, the concept of integrating 
local irradiation of the primary site with sys- 
temic chemotherapy for occult if not clinically 
detectable metastases remains attractive [7], 
and the lack of previous success seems attribut- 
able, at least partially, to two factors. The first is 
the use of insufficiently intensive radiotherapy 
and chemotherapy to secure control of both local 
and metastatic disease, and the second is the 
frequent development of brain metastases due 
to failure to employ prophylactic treatment of 
the central nervous system [6]. 

In this paper we describe our experience with 
a regimen that includes irradiation of the pri- 
mary site, intensive although relatively short- 
term chemotherapy, and prophylactic cranial ir- 
radiation. The program, designed as a "total" 
approach to the management of small cell car- 
cinoma of the lung, has yielded results suggest- 
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ing that some measure of success is attainable 
in patients who are seen with clinical disease 
confined to the thorax at diagnosis. 


Material and Methods 


Between November, 1974, and May, 1977, a 
total of 71 consecutive patients with small cell 
carcinoma of the lung as demonstrated by 
biopsy specimens were accessioned into the 
study. The pretreatment evaluation included a 
complete history, physical examination, rou- 
tine chest roentgenograms, and whole-lung 
tomography. Radioisotope scans of bone, liver, 
and brain were positive in 37%, 17%, and 1% 
of patients, respectively. Bone marrow exam- 
ination was positive in 11%. Whole-body gal- 
lium scans, while positive in 90% of patients, 
demonstrated nuclide uptake in the primary 
site only and did not contribute to detection of 
extrathoracic metastases. Following completion 
of these studies, the patients were classified in 
one of two categories based on extent of dis- 
ease. These categories were limited disease and 
extensive disease. Limited disease consisted of 
involvement clinically confined to a single 
hemithorax (with or without pleural effusion) 
and the mediastinum whereas extensive dis- 
ease applied to clinical involvement beyond 
those limits. The present series comprised 36 
patients with limited disease and 35 with ex- 
tensive disease. 

The chemotherapy regimen was composed of 
cyclophosphamide (1,500 mg per square meter 
of body surface), Adriamycin (doxorubicin 
hydrochloride) (40 mg/m”), and vincristine (2 
mg). All three drugs were administered intra- 
venously on the same day. The chemotherapy 
was repeated as soon as the white blood count 
returned to 3,500/mm?, and the mean interval 
between cycles was 21 days for the entire series. 
Patients with limited disease usually received 3 
to 4 cycles of chemotherapy over a period of 6 to 
9 weeks whereas those patients with extensive 
disease received a maximum of 5 cycles for pri- 
mary treatment. 

While the chemotherapy remained stan- 
dardized during the study, several radiother- 
apy schedules were employed in sequential 
groups of patients. The purpose of this varia- 
tion was to examine the comparative toxicity as 


Table 1. Radiation Schedules as 
Related to Chemotherapy 


Radiation Fractionation 
and Schedule? 


No. of 
Group Patients 


200 rads daily for 3 weeks 
starting with initiation of 
chemotherapy 

200 rads three times a day for 5 
consecutive days between first 
two drug cycles 

100 rads daily for 6 weeks 
starting with initiation of 
chemotherapy 

200 rads three times a day in 
single-day pulses with a pulse 
(600 rads) given on the 
seventh day of each drug cycle 

150 rads daily for 6 weeks 
starting 3 weeks after 
completion of chemotherapy 

100 rads daily for 9 weeks 
starting with initiation of 
chemotherapy 


1 10 


Total dose of 3,000 rads to primary site for groups 1 
through 4, and 4,500 rads for groups 5 and 6. 


well as effectiveness of different radiation frac- 
tionation schedules when combined with che- 
motherapy (Table 1). The midline tumor dose 
(administered using parallel opposed fields 
with 6 Mev x-rays) of 3,000 rads was increased 
to 4,500 rads following treatment of the first 40 
patients because recurrences were observed in 
the primary site. All patients also received 
prophylactic cranial irradiation. Because of cen- 
tral nervous system (CNS) toxicity with a mid- 
line brain dose of 3,000 rads (200 rads per day), 
the dose was reduced to 2,000 rads after treat- 
ment of the first 17 patients. 

Initial treatment was completed in 6 to 12 
weeks, depending on the number of chemo- 
therapy cycles, and the response was then eval- 
uated. Assessment included repetition of chest 
roentgenograms, isotope scans, bone marrow 
examination, and any additional baseline stud- 
ies that had been abnormal. The intrathoracic 
disease was considered resolved when all 
masses had cleared roentgenographically, leaving 
only residual changes consistent with radiation 
effects, persistent atelectasis, or both. Those pa- 
tients considered to have a complete response 
were subsequently followed without further 
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Table 2. Response to Initial Treatment 


Stage of Involvement 


Limited Extensive 
Type of Response (N — 36) (N = 35) 
Complete 27 (75%) 14 (40%) 
Partial 1 (396) 7 (2096) 
None 0 5 (1496) 
Induction death? 8 (2296) 9 (26%) 


aee text for definition. 


treatment. All deaths resulting from a cause 
other than progressive cancer were called "in- 
duction deaths." This term includes not only 
death secondary to treatment toxicity but also 
death from complications of the disease, such 
as tracheoesophageal fistula (with tumor lining 
the fistulous tract at postmortem examination) 
and tumor necrosis with abscess formation. 


Results 
Response to Primary Treatment and Survival 


The response rates with primary treatment are 
summarized in Table 2. Twenty-seven (7596) of 
the 36 patients with limited disease had com- 
plete responses compared with 14 (4096) of the 
35 patients with extensive disease. Survival cor- 
relatesquite distinctly with theresponseto initial 
treatment, and the complete responders have 
significantly longer survival than incomplete 
responders (Fig 1). However, it may be noted 
that even the incomplete responders (the group 
that includes induction deaths) have a median 
survival of 5 months, which compares favorably 
with historical data concerning the use of radio- 
therapy or surgery alone for localized disease. 
Survival also correlates with the clinical ex- 
tent of disease prior to treatment (Fig 2). While 
the difference in survival between patients with 
limited and extensive disease was not obvious 
during the first year of observation, it became 
increasingly evident with longer follow-up that 
patients with limited disease had superior sur- 
vival. This fact reflects the most important ob- 
jective of the study—namely, to achieve remis- 
sions that are durable following completion of 
treatment. This goal has been realized for some 
patients who had limited disease, as seen in 
Figure 3. At the time of writing, 14 of the 27 
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Fig 1. The correlation between response to initial treat- 
ment and survival. The curve for incomplete responders 
includes those patients who died of treatment-related 
causes. 
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Fig 2. The correlation between extent of disease prior to 
treatment and survival. No correction has been made 
for deaths from causes other than progressive cancer. 
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Fig 3. Relapse-free survival for the entire series, includ- 
ing patients who had no response as well as those who 
died of treatment-related causes. 
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patients with limited disease who achieved a 
complete response remain free of disease, and 
the actuarial relapse-free rate at two years for 
such complete responders is 40%. 


Treatment Toxicity 

A “CNS syndrome” was observed in 35 pa- 
tients and was particularly severe in those pa- 
tients given a midline cranial dose of 3,000 rads. 
This syndrome consisted of memory loss for re- 
cent events (100%), tremor (79%), somnolence 
(63%), slurred speech (54%), and myoclonus 
(11%) in varying combinations. The symptoms 
began within 3 months of whole-brain irradia- 
tion and they resolved during the ensuing 3 to 6 
months without gross residua. 

Esophagitis was absent or mild in 25 of the 71 
patients and moderate to severe in the remain- 
ing 46. A transient inability to swallow de- 
veloped in 6 of those 46 and progressed to 
esophageal stricture in 3. The stricture became 
virtually complete in 1 patient and necessitated 
the use of a gastrostomy tube. All 3 patients 
with esophageal stricture had been given a mid- 
line tumor dose of 200 rads daily to the primary 
site with concurrent chemotherapy. The sever- 
ity of esophagitis was distinctly less in those 
patients who had received a daily tumor dose of 
100 rads, despite administration of the same 
total radiation dose to the primary site. A 
tracheoesophageal fistula developed during 
treatment in 1 additional patient. At postmor- 
tem examination, this patient, classified as an 
induction death, was found to have tumor infil- 
trating the fistulous tract. 

Hematological toxicity, summarized in Table 
3, was characterized by profound but transient 
neutropenia and thrombocytopenia in the 
majority of patients. Furthermore, packed red 
cell transfusions were required in 57 patients 
(80%) to try to maintain the hemoglobin at a 
level of 10 gm per 100 ml during treatment. This 
depression of erythropoietic function was also 
transient and consistently resolved following 
completion of treatment in those patients in 
whom a complete response was obtained. 

Fifty-one patients experienced at least one 
febrile episode associated with leukopenia; 
nearly all were hospitalized empirically and 
placed on intravenous antibiosis. In the major- 


Table 3. Hematological Toxicity 
during Chemotherapy 





No. of 
Patients 


No. of 


WBC? Patients Platelets? 





Below 10,000 4 
10—49,000 24 
50-—-99,000 21 
Above 100,000 22 


Below 500 15 
500-999 46 
1,000-1,500 8 
Above 1,500 2 





2Lowest nadir blood counts (per mm?). 
WBC = white blood cell. 


ity of instances, antibiotics were used for only a 
few days since patients promptly became afe- 
brile upon rebound of the granulocyte count. No 
source of infection was discernible in most pa- 
tients, and there were only 6 with documented 
sepsis at admission. Nine patients had a 
perirectal inflammation during the earlier 
phase of the study [9]. However, this complica- 
tion was not observed with the subsequent use 
of stool softeners on a preventive basis during 
chemotherapy. 

The major complication with respect to both 
morbidity and mortality was pneumonitis. This 
developed near the completion of treatment or 
very shortly thereafter in 26 patients (37%), in 15: 
of whom there was a superimposed bacterial 
infection which proved fatal in 5. Frank abscess 
formation secondary to tumor necrosis de- 
veloped in several of these patients during 
therapy, and management of this problem 
proved extremely difficult. The remaining 11 
cases of pneumonopathy were most consistent 
with acute radiation pneumonitis, seemingly 
enhanced by the concurrent administration of 
chemotherapy in view of the atypically early 
onset and fulminant course. Subjective symp- 
toms of dyspnea and cough developed within 
days or a few weeks of radiotherapy in these 
patients rather than 1 or 2 months later as 
is usually observed. The roentgenographic 
changes involved lung not only within but well 
outside the treatment field, and even the nonir- 
radiated contralateral lung was extensively in- 
volved in several instances. Inexplicably, the 
histological findings in areas remote from the 
irradiated volume were consistent with classic 
radiation pneumonitis. Seven of these 11 pa- 
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Table 4. Sites of Relapse 
among Complete Responders 








Stage of 
Involvement 
Limited Extensive 
(N = 27 (N = 14 
Site of Relapse at risk) at risk) 
Primary site only 10 2 
Primary and 0 6 
metastatic sites 
Liver 0 2 
Brain 0 1 
Spinal cord (lumbar) 3 0 


tients with nonbacterial pneumonitis died from 

‘pulmonary failure (hypoxia), and postmortem 
examination confirmed the absence of a 
superimposed infection. Thus, the mortality 
rate from pneumonitis, either with or without 
abscess formation secondary to tumor necrosis, 
was 17% (12 patients) in the total series. 


Patterns of Treatment Failure 


In addition to the obvious problem of treat- 
ment-related toxicity, the patterns of treat- 
ment failure for those patients with complete 
responses have identified obstacles that de- 
serve attention in the development of future 
therapeutic strategies. The most common site of 
relapse in patients with limited disease is local 
recurrence in the primary site (Table 4). This 
assumes special importance considering that 10 
patients with limited disease had no other iden- 


tifiable tumor except in the primary site at the 


time of relapse, suggesting that improved local 
control may have resulted in cure. The only 
evidence of metastatic disease among patients 
with limited disease who relapsed after primary 
therapy involved the lumbar spinal cord, indi- 
cating that this site is a sanctuary for tumor cells 
from the effects of chemotherapy as a result of 
the blood-brain barrier [1]. 

Failure patterns were somewhat different 
among those patients treated for extensive dis- 
ease. Unlike patients with limited disease, of 
whom only 1 had persistence of tumor on a clin- 
ical basis at the completion of treatment, fully 
one-third of the patients with extensive disease 


failed to achieve a complete response because of 
obvious persistence of cancer. Usually this was 
due to incomplete resolution of metastatic dis- 
ease. The inadequacy of the chemotherapeutic 
regimen in the face of extensive metastatic 
spread likewise was substantiated by the high 
rate of relapse in metastatic sites even after a 
complete response when such was achieved 
(see Table 4). 


Comment 


Future programs demand a reduction in 
treatment-related toxicity and particularly the 
frequency of fatal pneumonitis. Perhaps one so- 
lution would be the spacing of chemotherapy 
cycles at wider intervals (e.g., every 28 to 35 
days) so as to decrease both the severity of bone 
marrow depression and susceptibility to infec- 
tion as well as the radioenhancing effect of the 
drugs. Wider intervals between drug cycles 
might also permit some increase in the radia- 
tion dosage to the primary site, thereby reduc- 
ing the incidence of local recurrence among pa- 
tients with limited disease. 

The situation is more challenging for patients 
who are seen initially with extensive disease. In 
these patients, not only does local control in the 
primary site require improvement but the con- 
trol of metastatic disease is unsatisfactory. The 
latter condition demands investigation of alter- 
native chemotherapeutic regimens, perhaps in- 
volving more sustained treatment with the 
same combination, modification of the schedul- 
ing with the same drugs, or the use of different 
drug combinations. 

Whereas the total approach attempted in this 
study has only partially succeeded, it is note- 
worthy that a fraction of patients with lim- 
ited disease have remained disease free after 
the completion of treatment. Using currently 
available methods of treatment, it is now possi- 
ble to restore some patients to completely nor- 
mal activity and at least several years of 
disease-free survival. While one cannot yet be 
secure that cure has been achieved, the ob- 
served flattening of the relapse-free survival 
curve at one year following completion of 
treatment (Fig 3) raises hope that at least some 
of the remissions will remain durable. 
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In summary, it can be stated that a meaning- 
ful advance has been made in the management 
of this almost uniformly and rapidly fatal dis- 
ease. Not only has prolongation of life been 
realized for patients with limited disease but 
also the survivors have enjoyed an excellent 
quality of life. Even that patient who had a 
complete esophageal stricture requiring a gas- 
trostomy tube has an otherwise unrestricted life 
nearly three years following the initial treat- 
ment and has returned to work. Consequently, 
the historical pessimism associated with virtu- 
ally all cases of small cell carcinoma of the lung 
is no longer warranted. Finally, it must be rec- 
ognized that substantial toxicity has accom- 
panied this aggressive combined modality 
approach. However, less intensive regimens 
yielding a comparable fraction of prolonged 
remissions after cessation of treatment have not 
been reported to date. Indeed, survival uncom- 
plicated by either the recurrence of disease or 
the toxic effects of sustained treatment must be 
our eventual goal, and drastic measures may be 
required for what is a drastic disease. 
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Management of Malignant Esophagorespiratory Fistula 


David M. Lolley, M.D., Jefferson F. Ray, III, M.D., Herbert T. Ransdell, M.D., 
Maruf A. Razzuk, M.D., and Harold C. Urschel, Jr., M.D. 


ABSTKACT  Esophagorespiratory communication 
developed in 46 patients among 570 with esophageal 
cancer. Therapy was basically palliative and aimed 
at mechanical interruption of the fistula, restoration 
of esophageal continuity, and avoidance of external 
tubes and appliances. Supportive therapy, gastros- 
tomy, tracheostomy, and esophageal exclusion and 
diversion procedures resulted in little prolongation 
of life and poor palliation of the patient, Permanent 
endoesophageal intubation with tubes of the Celes- 
tin variety resulted in best palliation with minimal 
operative risk for most terminal patients. Colon 
bypass and occasional resection can accomplish the 
same goal and possibly provide long-term survival 
in good-risk, young patients with small tumors. 


The occurrence of esophagorespiratory fistulas 
in patients with esophageal carcinoma is not a 
rare event. The catastrophic problems that arise 
can severely tax the therapeutic resources of the 
physicians and surgeons caring for these pa- 
tients. Although the incidence of esophagore- 
spiratory communications in large series of pa- 
tients with esophageal cancer ranges from 5 to 
1096, information pertaining to effective treat- 
ment is sparse and comparative studies are rare 
in the literature [2, 4, 7, 10]. In 1970, Martini 
and associates [5] reported on a series of 96 pa- 
tients treated with varying methods over the 
period 1926 to 1968, but they did not comment 
on the efficacy and problems of the different 
therapies. Endoesophageal intubation was not 
included. The present study was undertaken in 
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order to define obtainable treatment goals and 
reasonable prudent surgical interventions in 
the face of severe physiological problems that 
arise in the patient with advanced cancer. 
Communications between the respiratory 
system and the esophagus can occur at any 
level, but usually are located in the middle 
third. Spontaneous or radiation necrosis of a 
common tumor boundary results in a com- 
munication with a major bronchus, the trachea, 
or the larynx. Perforation into the lung and sec- 
ondary bronchi can also result in fistulization. 
Normally, the patient is suffering from ad- 
vanced esophageal cancer and its treatment and 
then suddenly experiences incessant paroxys- 
mal coughing, hemoptysis, aspiration, pneu- 
monia, sepsis, or even asphyxiation secondary 
to flooding of the lung with refluxed gastric 
contents or oropharyngeal secretions. He can 
no longer eat nor swallow his own secretions. 
Often, he cannot even lie down without pro- 
voking aspiration and unrelenting coughing. If 
there is no intervention, the patient soon dies 
from the complications of continued aspiration. 


Material 

During the period August, 1967, through July, 
1977, among a group of 570 patients with 
esophageal carcinoma being treated at three in- 
stitutions, 46 had esophagorespiratory fistulous 
communications. Of these 46 patients, 37 were 
men and 9 were women; 31 were white and 15, 
black. Fistulas occurred at various points, but 
were located predominantly in the middle third 
of the esophagus: 8 patients had fistulas in the 
proximal third; 33, in the middle third; and 5, 
in the distal third. Forty-four patients had 
squamous cell carcinoma and 2, adenocar- 
cinoma. Thirty-one of the patients were receiv- 
ing radiotherapy for known carcinomas. Two of 
them had had esophagogastrectomy and had 
received irradiation at that time. One-third, or 
15, of the communications occurred spontane- 
ously, and often the presenting symptoms were 
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those relating to the fistulas. The average age of 
the patients was 58 years (range, 41 to 83 years) 
and the patients had an average weight loss of 
12.7 kg (range, 0 to 34 kg). 

Because the patients had  far-advanced 
cancer, the therapeutic goals were basically pal- 
liative. (1) Mechanical interruption of the fistula 
to prevent reflux of gastric contents and aspira- 
tion of oropharyngeal secretions into the lungs. 
(2) Restoration of orogastric continuity to allow 
more normal oral feedings. (3) Avoidance of ex- 
ternal venting of the esophagus, stomach, and 
trachea to simplify patient care and provide 
greater comfort. (4) Shortening of the hospital 
stay. 

In this series of patients, five therapeutic 
modalities were identified in a retrospective 
study and included the following: (1) support- 
ive therapy with no surgical intervention; (2) 
gastrostomy and tracheostomy [8]; (3) esoph- 
ageal diversion and exclusion [6]; (4) per- 
manent endoesophageal intubation [3]; and 
(5) colon bypass with occasional resection [9]. 

Degrees of palliation achieved by these five 
modalities were graded as follows: 


None: Patient continues to aspirate and is un- 
able to eat or handle secretions. 

Poor: Aspiration is controlled but patient is un- 
able to eat and is dependent on "ostomies" 
and external appliances. 

Moderate: Aspiration is controlled and there is 
little or no need for ostomies, but patient can 
drink only clear fluids. 

Good: No aspiration and no need for devices, 
and patient is able to eat a fairly normal diet. 

Long-term survivor: Patient can eat a normal 
diet, has no aspiration, and is alive five years 
after the communication was treated. 


Results 
Supportive Therapy 


In 7 patients, therapy consisted chiefly of intra- 
venous infusions, narcotics, antibiotics, and 
occasional nasogastric intubation. This ap- 
proach was instituted usually because the 
physician believed that no effective palliative 
therapy was available. At postmorten examina- 
tion it was found that several patients had only 
locally invasive small tumors. The average age 


of these patients was 60 years (range, 43 to 71 
years). No patient was able to leave the hospi- 
tal. None were palliated. The average survival 
was 6 days (range, 0 to 14 days). All patients 
continued to aspirate, and the usual causes of 
death were asphyxiation, aspiration pneumo- 
nia, starvation, and sepsis. 


Gastrostomy and Tracheostomy 


Ten patients underwent gastrostomy and 
tracheostomy. The average age was 54 years 
(range, 43 to 73). Average survival was increased 
to just 2.5 weeks. Only 1 patient left the hospital 
to go home for any length of time. Eight pa- 
tients had no palliation, and 2 had only poor 
relief of symptoms in that they continued to 
have problems with aspiration and were de- 
pendent on external devices. Again, the usual 
causes of death were incessant aspiration, 
pneumonia, asphyxiation, and sepsis, and 
death usually occurred 0 to 9 weeks after 
therapy was begun. 


Diversion and Exclusion Procedures 


Four patients underwent ligation of the gas- 
troesophageal junction, cervical esophagos- 
tomy, tube gastrostomy, and tracheostomy. The 
average age was 60 years (range, 50 to 87). Two 
operative deaths occurred, both from wound 
sepsis. In 1 patient, erosion of the gas- 
troesophageal junction was implicated in a gas- 
tric leak. Average survival was increased to 3.5 
weeks (range, one day to 2 months after 
surgery). However, only 1 patient left the hos- 
pital. Three patients were not palliated and 1 
had poor results. The patients appeared to have 
problems from aspiration, from loosely applied 
gastroesophageal ligatures, or from proximity 
of the cervical esophagostomy to a tracheos- 
tomy. Death usually was due to wound and 
pulmonary sepsis. 


Permanent Endoesophageal Intubation 


Twenty patients underwent permanent en- 
doesophageal intubation under local or general 
anesthesia. Three patients had tubes of the 
Souttar and Mackler type inserted orally under 
local anesthesia at the time of esophagoscopy 
by the "push-through" technique. The average 
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Fig 1. (A) Chest roentgenogram in a patient with spon- 
taneous malignant tracheoesophageal fistula secondary 
to squamous cell carcinoma in the middle third of the 
esophagus. (B) Nearly 1 year after permanent en- 
doesophageal intubation with Celestin tube. The patient 
died of widespread malignancy. 


age of these 3 patients was 53 years (range, 43 to 
73). This approach was chosen when very high 
esophageal lesions were seen with small prox- 
imal esophageal pouches. No complications 
were encountered. Two patients were able to 
leave the hospital. Survival was increased to 2.5 
months. One patient had poor palliation and 2 
had moderate relief. All 3 had control of aspira- 
tion, but alimentation was not optimal. Death 
usually resulted from progressive cancer, inani- 
tion, and malnutrition and occurred from 3 
weeks to 3 months after intubation (Fig 1). 
The other 17 patients underwent insertion of 
an endoesophageal tube of the Celestin or Fell 
variety under general anesthesia, through a 
small gastrostomy, and by the “pull-through” 
technique. Proper impaction of the proximal 
phlanged portion of the tube was observed 
simultaneously through an esophagoscope. The 
average age of these 17 patients was 58 years 
(range, 41 to 78). There were 2 operative deaths 





early in the series. One was secondary to pro- 
gressive pneumonia and the other was caused 
by mediastinitis from a perforation. Excellent 
results were obtained in the levels of pallia- 
tion. Thirteen patients had good palliation in that 
aspiration was controlled, they needed no ex- 
ternal devices, and they could handle secretions 
and eat a fairly normal soft diet. Two patients 
had moderate palliation in that only liquids 
could be ingested. Except for the 2 deaths, pul- 
monary sepsis was controlled. Reflux was not a 
problem in any of the patients. Fourteen pa- 
tients were able to go home and required no 
extraordinary home care other than ensuring 
that the proper mechanical soft diet was in- 
gested with large amounts of carbonated bever- 
ages, and that the patient slept in a 30-degree 
upright position to avoid reflux. No pyloro- 
plasty was necessary and no tubes were removed 
or "unplugged." No operative complications 
occurred other than the 2 described. Survival 
was increased to an average of 5 months. Death 
usually occurred from 142 to 16 months after 
intubation and was caused by progressive car- 
cinoma and inanition. Three patients survived 
for more than a year after permanent en- 
doesophageal intubation. 
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Fig 2. Chest roentgenograms 5 years after simultaneous 
left pneumonectomy and esophagectomy with sub- 
sequent left colon bypass. The patient was able to eat a 
normal diet and had no evidence of recurrent tumor. 


Colon Bypass with Occasional Resection 


Five patients in this group had a formal colon 
bypass that included division and oversewing 
or stapling the divided gastroesophageal junc- 
tion in the abdomen and the esophagus in the 
neck. This group was somewhat younger than 
the others in the series, the average age being 
51 years (range, 46 to 63 years). Two patients 
had additional resectional therapy. One patient 
underwent left pneumonectomy and esoph- 
agectomy for a midesophageal lesion, and an- 
other had an esophagectomy and partial 
tracheal resection. There were no major compli- 
cations or operative deaths in this group. All 
patients were able to go home. Palliation was 
rewarding in that 4 patients had good results 
and were eating a normal diet with no aspira- 
tion. At the time of writing, 1 patient was a 
long-term survivor, alive more than 5 years 
after pneumonectomy and esophagectomy with 
colon bypass (Fig 2). Average survival was in- 
creased to 18 months (range, 6 months to 5 
years). 


ENEEEEEEEEEE——————s——Qn M 





Comment 


From this study it can be concluded that 
therapy that is supportive in nature but does 
not correct aspiration of oropharyngeal secre- 
tions and refluxed gastric contents adds but lit- 
tle time to the patient's survival and gives no 
relief from the problems. The patient suffers 
from incessant aspiration and the resultant dis- 
comfort. Procedures that do not restore normal 
orogastric continuity and that involve complex 
manipulations likewise do little to prolong life; 
and even if aspiration problems are lessened, 
the inability of the patient to eat and problems 
of taking care of external appliances and venting 
fistulas considerably reduce the quality of the 
survival period. 

Gastrostomy and tracheostomy do not correct 
aspiration. Combined with gastroesophageal 
ligation and cervical esophagostomy, the pro- 
cedure becomes formidable and burdens the 
patient with multiple devices and ostomies. 
Unless problems such as giant fistulas are en- 
countered, the results in this series suggest that 
this method is not effective in achieving suc- 
cessful palliation in the routine small fistula, as 
reported by Martini and associates in 1970 [5]. 

Permanent endoesophageal intubation offers 
immediate relief by mechanical interruption of 
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the fistula and restores orogastric continuity 
(see Fig 2). For the price of a gastrostomy, the 
patient can resume more normal feedings and 
can handle his own secretions. For very high 
cervical lesions with small esophageal pouches, 
the Souttar-type tube can be effective. It is ap- 
parent that in this series of patients undergoing 
insertion of Celestin and Fell tubes, complica- 
tions such as esophageal perforation and frac- 
ture of the tumor were rare. Probably, ex- 
perience and care in dilating the tumor and 
placement of the distal end of the tubes so as to 
avoid major vessels and excessive length in the 
stomach helped achieve this low rate of compli- 
cations. However, the tumors associated with 
the esophagorespiratory fistulas in this series 
were not as long and bulky or as constricting as 
most lesions producing the usual malignant 
stricture, which requires considerably more 
manipulation and force for dilation and passage 
of these large tubes [1]. The wide lumens of 
these tubes effectively seal the fistulas and 
allow for a more solid diet. Anchoring the distal 
portion in the stomach is necessary to prevent 
migration. In good-risk, young patients with 
relatively small tumors, it is possible to design 
formal operations such as colon bypasses to 
provide for more reliable interruption of the 
esophagus above and below the fistula and res- 
toration of orogastric continuity. Combined 
with ablative resection, long-term survival is 
possible. 


For most terminal patients, Celestin tube 
placement is the treatment of choice. Formal 
colon bypass with occasional resection should 
be reserved for good-risk, young patients with 
small tumors. 
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Medtronic’s New Pacemaker Gives You 
Simplicity, Safety and Eight 
Programmable Rates. 


SIMPLICITY. Doctor, the Xyrel"-VP system offers you sim- 
plicity in rate programming. All you have to do is tum a dial 
directly to the rate desired and push a button. Immediately, 
the rate you select becomes the pacemaker pacing rate. 

PROGRAMMABILITY. And when you use the Xyrel*-VP sys- 
tem, all you have to do is adjust rate. There's no need for 
you to make pulse width adjustment. Medtronic's patented 
Constant Energy circuit automatically programs pulse width 
to compensate for the declining voltage of the lithium 
power source. As voltage drops, pulse width increases, 
keeping energy available for stimulation nearly constant. 





SAFETY. The Xyrel*-VP pacemakersystem has built-in safety 
features—such as an interlock switch on the rate controller 
that prevents inadvertent programming of the 30 pom 
diagnostic rate. You also know the Xyrel*-VP pacemaker is 
safe for your patient because it has the safety features and 
quality control that have made Xyrel* the world's most pre- 
scribed lithium pacemaker. The Xyrel*-VP is the result of 
more than twenty-seven years of pacemaker design, re- 
search and manufacturing experience. It’s another leader 
from the company that has a tradition of leadership in 
pacing. 


USING THE 9600A CONTROLLER 
IS AS EASY AS 4, 2, 3 


4. Select the desired pacing rate by turning 
the “Rate” knob. 

2. Center the rate controller directly over the 
pulse generator and hold in place for three 
seconds. 

3. Press and release the “Program Activate” 
button. Thats all there is to if! 


nostic rate of 30 ppm lets you determine 
patients intrinsic rhythm while providing a 
basic pacing rate to maintain circulatory 
system function. An interlock switch on the 
programmer helps prevent inadvertent use 
of the 30 ppm program. A special push 
button must be depressed simultaneously 
with the "Program Activate" button to effect 
30 opm rate, otherwise a 70 ppm rate is 
automatically programmed. 


YOU SELECT FROM A WIDE RANGE OF 
RATES. You can choose between seven 
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YOU GET PROVEN XYREL' DESIGN AN 
PERFORMANCE FEATURES. 


[ Constant Energy. A programmed ir 
crease in pulse width providesrelativel 
constant energy to maintain capture fc 
most patients as the power source voltag 
drops. 

[] Constant Rate. The selected rate re 
mains stable for the service life of the pace 
maker; however, once the voltage deplete 
to a pre-determined, safe level, a gradu 
but easily detected rate decrease occu 
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WITH THE XYREL"-VP SYSTEM 
YOU CAN PROGRAM RATE 
IN A VARIETY OF SITUATIONS 


IN THE STERILE PACKAGE. A special package 
allows you to program the pulse generator 
rate prior to implant, prior to entry into the 
sterile field, without having to sterilize the 
programmer. 

IMMEDIATELY POST-OP. You can change rates 
easily and quickly immediately post-op and 
even during implantation. 

IN YOUR PATIENTS ROOM OR YOUR OFFICE. 
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UNIQUE RATE SELECTION 


Seven pacing rates are available, as 

well as a unique diagnostic rate that alk 
you to determine your patients underlyir 
intrinsic rhythm. 
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O Lithium. Xyrel"-VP offers an advanced CLINICAL APPLICATIONS OF RATE PRO- For further information on the applicati 
3ttery, custom designed by Medtronic’s GRAMMABILITY. All ofthe indicationsforven- and capabilities of the Xyrel"-VP syste 
vn Enerlec® lithium power source manu- tricular demand pacing apply to this prod- be sure to fill out the coupon on the follc 
cturing facility. uct. Rate programming makes the Xyrel^-VP — ing page. 

O Fine-Tuned Sensing. The Xyrel"-VP cir- Particularly useful in a number of clinical 

jit offers sensitivity to a wide range of applications. These include: 

waves providing efficient sensing and the 
pability to differentiate between R-waves 
xd myopotentials or most common forms [H Coronary Heart Disease with Angina 
60 Hz interference. Pectoris. 

[] Hermetic Seal. Medtronic combines [O Valvular Heart Disease. 

»am welding and the corrosion resistance 


[ Sick Sinus Syndrome. 


[ l Overdrivina Ventricular Arrhythmias 
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MEDTRONIC IMPLANTABLE PULSE GENERATORS 


NTENDED USES Ventricular pacing using an implantable ventricular pulse generator is for long-term therapeutic control of heart rate in patients with impulse formation or conduction 
jorders leading to bradyarrhythmias. tachyarrhythmias and heart block (see product labeling for detailed list of intended uses) 


ONTRAINDICATIONS There are no known contraindications to the use of pacing as a therapeutic modality for the control of heart rate. The patient's age and medical condition., 
wever, may dictote the particular pacing systems and implantation procedure used by the physician 

ARNINGS Diathermy should not be used on patients with pacemakers because of possible heat damage to electronic components. Electrosurgical units should never be used in the 
inity of unipolar pulse generators or bipolar pulse generators implanted in the unipolor mode because of danger of introducing fibrillatory currents into the heart via the implanted 
Ise generator/lead. Pulse generators may be damaged by defibrillatory discharges if the paddles are placed over the implanted pulse generator 
PRECAUTIONS The physician should be aware that all pulse generotors will ultimately cease to function. and may fail at any time due to random component or battery failures which 
nnot be predicted prior to toilure. Also, that the pacing system may cease to function at any time due to lead-related problems such as displacement, fracture. fibrotic tissue formation. 
d elevated thresholds, and that proper operation may be offected by electrical interference from equipment using electrical energy, or medical complications 


IDE EFFECTS Body rejection phenomena. including local tissue reaction. muscle and nerve stimulation, infection. erosion of pulse generator/lead through skin, transvenous lead- 
ated thrombosis, emboiism and cardiac tamponade. 


XYREL"-VP—PART OF A 
OMPLETE, VERSATILE SYSTEM 


The Xyrel"-VP pacemaker is available in both Prescribe the Xyrel'-VP from Medtronic. 

unipolar and bipolar models. The Model 9600A l For more information contact your 
ontroller can program any of the Medtronic Medtronic representative or fill out and 

Xytron” or Xyrel* ventricular inhibited | mail the coupon below. 
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Gastric Tube Interposition: 
A Satisfactory 


Alternative to the Colon 


for Esophageal Replacement in Children 


Kathryn D. Anderson, M.D., and Judson G. Randolph, M.D. 


ABSTRACT The gastric tube was used as the pri- 
mary method of esophageal reconstruction in 15 in- 
fants and children, 9 with isolated esophageal atresia 
and 6 with lye stricture. The youngest patient was 8 
months old and the oldest, 5 years old at the time of 
the procedure. The technique of gastric tube con- 
struction is described. There have been both major 
and minor complications but the gastric tube has 
proved very satisfactory as a conduit from mouth to 
stomach. Growth and development have been ac- 
ceptable in all 15 children, although most remain in 
the lower percentiles for growth and height, a condi- 
tion that usually predates the esophageal substitu- 
tion. In our institution the gastric tube is the pre- 
ferred method of esophageal substitution. 


Refinement of the intratracheal gas anesthetic 
technique through an intratracheal tube early 
in the twentieth century excited interest in the 
thoracic esophagus, which, until that time, had 
been ignored by necessity. A rapid prolifera- 
tion of procedures for bypassing or replacing 
the esophagus, utilizing almost every portion of 
the small and large intestines ensued [13, 15, 21, 
23]. The methods used in adults were occasion- 
ally adapted for use in children. However, the 
era of successful esophageal substitution in 
children did not begin until 1955, when Dale 
and Sherman [6] demonstrated the applicability 
of colon replacement in a child with esophageal 
atresia. This remains the most widely employed 
technique for esophageal substitution [9, 10, 16, 
22]. There are situations, however, in which the 
colon may not be suitable. In the infant with 
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congenital imperforate anus, the colon is 
needed for the definitive pull-through proce- 
dure. A poorly developed marginal artery or a 
vascular anomaly may render the colon unsuit- 
able. The reversed gastric tube has proved to be 
a satisfactory alternative technique to the colon 
bypass. This procedure has been widely ac- 
cepted and is now the primary method of 
esophageal substitution for children in many 
centers [1, 5, 7]. 

Children who require esophageal substitu- 
tion of any kind tend to be in the lower percen- 
tiles of growth and development, but their nu- 
tritional needs can be satisfactorily met by the 
gastric tube. Over the past decade, the gastric 
tube was used for reconstruction of the 
esophagus in 15 infants and children. Nine had 
replacement for isolated esophageal atresia and 
6 for extensive lye strictures. The patients 
ranged from 8 months to 5 years old at the time 
of operation. 

Three major complications were encountered 
in the 15 patients in this study: a leak into the 
chest closed spontaneously with conservative 
management in 1 patient; 1 gastric tube was 
perforated during dilation, requiring tho- 
racotomy for closure; and 1 gastric tube was 
perforated during dilation, and the child died 
because the complication was not recognized. 
Approximately 5096 of the cervical anastomoses 
have leaked, but only 1 has required surgical 
closure. An ulcer developed in 1 gastric tube 
and responded to conservative management. It 
was thought that stasis in the lower portion of 
the tube secondary to redundancy contributed 
to increased acid formation in the tube and con- 
sequent ulcer formation. 


Materials and Method 

Since 1967, 15 children have had reconstruction 
of the esophagus using a reversed gastric tube. 
The youngest patient was 8 months old and the 
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oldest, 5 years at the time of the operation. Six 
patients required esophageal substitution be- 
cause of extensive corrosive burns resulting 
from lye ingestion. They ranged from 2 to 5 
years old. The remaining 9 had isolated congen- 
ital esophageal atresia. Eight were between 8 
and 18 months old, and 1 was 4 years old. 

Early operative decisions regarding a cervical 
esophagostomy and gastrostomy affect the sub- 
sequent reconstruction because when later 
esophageal bypass is performed to bridge the 
defect in a patient with isolated esophageal atre- 
sia, the stomas made in the newborn period can 
be utilized during the second procedure. When 
the initial decisions are made, it is important to 
anticipate the future use of a gastric tube and 
place the gastrostomy stoma on the anterior 
wall away from the greater curvature of the 
stomach. Because the gastric tube may be 
placed in either a retrosternal or a transthoracic 
position, the location of the cervical esophagos- 
tomy in the infant with esophageal atresia is of 
prime importance. If a substernal location is fa- 
vored, the cervical esophagus is best ex- 
teriorized medial to the carotid sheath; if a ret- 
rohilar position is chosen, routing the cervical 
esophagus to the skin of the neck posterior and 
lateral to the carotid sheath avoids angulation 
when the esophagus is subsequently anas- 
tomosed to the gastric tube (Fig 1). 


Gastric Tube Construction 


A generous transverse incision in the upper 
abdomen exposes the stomach and its blood 
supply along the greater curvature. The right 
gastroepiploic artery is divided about 2 cm 
proximal to the pylorus. Parallel oblique inci- 
sions in the anterior and posterior walls of the 
stomach are made commencing at the point of 
division of the gastroepiploic artery. A flap of 
stomach is cut by carrying the incisions prox- 
imally along the greater curvature while care- 
fully protecting the vascular pedicle along the 
entire length of the flap. The width of the flap is 
controlled by placing an appropriately sized 
catheter along the greater curvature as a guide. 
The tube is fashioned from the flap by suturing 
the incised margin around the catheter. To 
minimize blood loss, the flap is cut for a dis- 
tance of 4 to 5 cm and the tube is sutured, re- 





Fig 1. The esophageal stoma was brought medial to the 
carotid sheath in the original construction. At cervical 
anastomosis, the gastric tube is placed ina retrohilar 
position. Note the resulting " S-bend."' 


constructing the remaining portion of the 
stomach simultaneously. Another segment of 
flap is then created, and this process is con- 
tinued until a tube of adequate length is ob- 
tained. The mucosa of both the gastric tube and 
the gastric remnant are sutured with running 
absorbable sutures except in the most distal 
portion of the tube. These sutures are inter- 
rupted so that subsequent trimming of the tube 
will not disrupt a continuous suture line. Use of 
a stapling instrument facilitates closure of the 
tube and stomach. A reinforcing layer of inter- 
rupted nonabsorbable seromuscular sutures 
completes the closure of both tube and 
stomach. It is neither necessary nor advisable 
to remove the spleen. If the early gastrostomy 
was placed in a strategic location, the same 
stoma is recannulated for postoperative decom- 
pression and feeding. 

The completed tube is then rotated cranially 
and positioned through a previously prepared 
retrosternal tunnel or placed in a retrohilar po- 
sition in the left chest. A small posterolateral 
thoracotomy in the sixth intercostal space is 
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utilized to orient the tube as it passes through 
the diaphragm and behind the root of the lung 
to emerge at the thoracic inlet. A lateral supra- 
clavicular incision in the neck exposes the deep 
cervical fascia at the thoracic inlet, which is in- 
cised posterior to the subclavian vessels. Dis- 
section is carried out from both thoracic and 
cervical incisions, allowing the tube to emerge 
from the chest in juxtaposition to the cervical 
esophagus. 

Reconstruction may be delayed by fixing the 
gastric tube in the neck for later anastomosis to 
the esophagus, or the procedure may be com- 
pleted in a single stage by immediate anas- 
tomosis of the tube to the cervical esophageal 
stoma. If the patient is stable, one stage is pref- 
erable. A single-layer anastomosis, using non- 
absorbable suture, joins the gastric tube 
and esophagus. However, if there is any ques- 
tion about the viability of the tube, if the pa- 
tient is unstable, or if the gastric tube becomes 
edematous during a long procedure, the cervi- 
cal anastomosis should be delayed for ten days 
to two weeks and performed then as a second 
stage of the procedure. 


Postoperative Management 

Feedings by gastrostomy are begun after intes- 
tinal peristalsis returns. A barium swallow to 
demonstrate the integrity of the gastric tube 
precedes oral alimentation. Initially, frequent 
small feedings are required because of the de- 
creased capacity of the stomach. However, after 
a few months the stomach increases in size (Fig 
2) and normal meals are tolerated. Reflux into 
the tube is inevitable since there is no sphincter 
mechanism at the junction of the tube and 
stomach. However, the mucosa of the tube has 
a natural protective mucous barrier to acid and 
peptic digestion. 


Results 


The gastric tube functioned as a satisfactory 
conduit for oral alimentation in all patients. In 
contrast to the colon, which often dilates and 
becomes redundant [20], the gastric tube usu- 
ally retains its tubular shape (Fig 3). Like the 
colon, the gastric tube has no intrinsic peristal- 
sis and therefore will not empty well in a hori- 





Fig 2. A gastric tube in the retrohilar position. Note 
adequate gastric size. 
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Fig 3. A gastric tube 2 years after the procedure. It has 
retained its tubular form. 
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Fig 4. Redundancy of the tube with stasis probably pro- 
duced the ulcer (arrow) in this gastric tube. 


zontal position. Propping of infants for 1 to 2 
hours after meals may be necessary. 

Nutritional requirements are satisfied by this 
method of esophageal substitution, and all of 
the children followed on a long-term basis have 
had satisfactory growth. Most of them fall be- 
tween the third and fiftieth percentile of normal 
weight curves. Except for 1 infant with trisomy 
21 syndrome, all have achieved normal de- 
velopmental landmarks. 

Minor complications were not uncommon, 
but fortunately, most were easily managed and 
resolved completely. Leaks at the cervical anas- 
tomosis developed in 5 patients but only 1 re- 
quired surgical closure. Cervical anastomotic 
strictures occurred in a third of the patients. 
These were minor, requiring only one to two 
dilations for relief. A single tube leaked in the 
chest of a patient treated with corticosteroids, 
but this closed spontaneously without stricture. 
In 1 patient, an ulcer developed in the lower 
portion of the gastric tube (Fig 4). The underly- 
ing mechanism was postulated to be stasis in 
the tube with proximal (antral) tube distention, 


release of acid into the lower tube, and pro- 
longed mucosal exposure. The ulcer resolved 
after antacid therapy. 

Fourteen patients were alive with function- 
ing gastric tubes at the time of writing. One 
child died 10 months postoperatively after in- 
strumentation at another institution. A perfora- 
tion that was not recognized was the cause of 
death. In 1 additional patient, the gastric tube 
was perforated during dilation; complete heal- 
ing followed operative closure. 


Comment 


The efficacy of the colon conduit as an 
esophageal substitute has been proved [3, 17, 
20, 22]. No organ, however, is ideal, and a 
number of drawbacks following colon transpo- 
sition motivated researchers to seek an alterna- 
tive method of esophageal substitution. The 
vascular anatomy in the transposed colon, in 
which a single artery supplies the entire colonic 
segment, renders it vulnerable to ischemia, re- 
sulting in infarction of the colon or subsequent 
stenosis [9]. The distal (cervical) portion has 
been observed to develop severe strictures as a 
result of ischemia and following anastomotic 
leaks [9]. Furthermore, the colonic mucosa is 
not protected from acid refluxing from the 
stomach; stricture, hemorrhage, or both can re- 
sult from mucosal ulcerations at the cologastric 
junction [14]. The redundancy of the colon 
transplant may contribute to stasis, regurgita- 
tion, and aspiration [9]. 

Gavriliu and Georgescue [8] and Heimlich 
and Winfield [12] in 1955 demonstrated that 
the reversed gastric tube is a satisfactory 
esophageal substitute in adults. After sporadic 
use [19], it has now been applied extensively to 
children |1, 4, 5, 7]. 

The gastric tube can be used in the presence 
of colonic or anal anomalies. The vascularity of 
the stomach virtually assures abundant blood 
supply to the gastric tube. Both right and left 
gastroepiploic arteries are large, and there are 
extensive submucosal collateral vessels. The ex- 
cellent blood supply minimizes the risk from 
cervical anastomotic leaks and protects against 
stricture formation. The gastric tube can be 
fashioned to any length desired, and further 
length is achieved by the ease with which the 
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stomach can be “seated” below the diaphragm. 
The mucosa of the stomach is naturally exposed 
to acid and has its own inherent mucous bar- 
rier, which is retained after the tube is trans- 
posed to its new position. Unless redundancy 
or distal stricture results in stasis [2], ulceration 
is unlikely to develop in the gastric tube. 

Our results confirm those of previous reports 
[5, 7, 18] and show that the gastric tube will 
support excellent nutrition and allow normal 
growth and development. Most complications 
are minor and easily handled. Long-term 
follow-up has demonstrated the gastric tube to 
be physiologically satisfactory. The experience 
at our institution has shown the gastric tube to 
be as satisfactory for esophageal substitution as 
the colon bypass. In selected patients for whom 
the colon conduit is unsuitable, this operation 
offers a satisfactory alternative. We now have 
adopted this technique as the primary method 
of esophageal replacement in our institution. 
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Topical Cardiac H 


ypothermia: 


The Effect of Methylprednisolone Sodium Succinate 


Hendrick B. Barner, M.D., John W. Standeven, Ph.D., Max Jellinek, Ph.D., 
Leo J. Menz, Ph.D., and John W. Hahn, D.V.M. 


ABSTRACT We evaluated the effects of methyl- 
prednisolone sodium succinate (MPSS) on 60 min- 
utes of myocardial ischemia during profound (5°C) 
topical cardiac hypothermia (ice chips) in a canine 
right heart bypass preparation. The ventricular func- 
tion curve shifted to the right and downward, but 
not significantly, after ischemia, and stroke work 
declined significantly for both control and treated 
dogs. Contractility (rate of rise of left ventricular 
pressure and maximum velocity of the contractile 
element) declined for both groups but not signifi- 
cantly. Total coronary flow, oxygen consumption, 
and metabolism of lactate and pyruvate were not dif- 
ferent for control and treated dogs. Ultrastructure of 
the outer and inner myocardium did not demonstrate 
benefit from MPSS. Intracellular and extracellular 
edema of moderate severity was slightly worse in the 
subendocardium, and reversible mitochondrial in- 
jury of a mild to moderate degree was symmetrically 
present. Ice-related injury was not noted. We were 
unable to demonstrate that pretreatment with MPSS 
favorably alters cardiodynamics or ultrastructure 
after 60 minutes of profound topical cardiac hy- 
pothermia. 


Local myocardial cooling by irrigation of the 
pericardial sac with 4°C saline [6] or by the ap- 
plication of crushed ice [16] made from Ringer's 
lactate solution are useful clinical methods for 
myocardial protection during aortic cross- 
clamping. There are several studies suggesting 
that steroids exert a protective effect on the 
ischemic myocardium. We evaluated the effect 
of pretreatment with methylprednisolone 
sodium succinate (MPSS) on myocardial func- 
tion, metabolism, and ultrastructure with one 
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hour of myocardial ischemia and topical cardiac 
hypothermia. 


Methods 
Experimental Preparation 


Twelve mongrel dogs, weighing 11 to 16 kg, 
were anesthetized intravenously with sodium 
pentobarbital (30 mg per kilogram of body 
weight) and ventilated through cuffed endo- 
tracheal tubes with a Bird respirator. After a 
median sternotomy, heparin (300 units per 
kilogram) was given intravenously, and the 
dogs were prepared for right heart bypass. The 
superior vena cava was cannulated through the 
ligated azygos vein and the inferior vena cava, 
through the atrial appendage. The femoral ar- 
tery was cannulated for total cardiopulmonary 
bypass and the pulmonary artery cannulated for 
right heart bypass. Catheters were placed in 
the coronary sinus, the internal mammary ar- 
tery, and the carotid artery. A stainless steel 
Y-shaped cannula with an internal diameter of 
1.2 mm was placed through the apical dimple 
into the left ventricular chamber. A catheter 
placed in the right ventricular chamber allowed 
measurement of total coronary flow after isola- 
tion of the right heart by ligation of the cavae 
and pulmonary artery over the catheters. An ad- 
justable clamp placed on the thoracic aorta 
permitted control of proximal aortic pressure. 
Pressures were continuously recorded from 
the carotid artery and left ventricle using 
Statham strain gauges. Lead II of the electrocar- 
diogram was recorded. Thermocouples were 
placed in the anterior interventricular septum 
and in the anterior base of the septum for con- 
tinuous recording of myocardial temperature. 
Reference thermocouples were placed in ice and 
liquid nitrogen. Body temperature was moni- 
tored with an esophageal thermistor probe. 
The extracorporeal circuit consisted of a roller 
pump, bubble oxygenator, heat exchanger, and 
electromagnetic flow probe for measuring flow 
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through the circuit. Total coronary flow less 1.2 
ml per minute was returned to the venous res- 
ervoir through a second flow probe. Coronary 
sinus and arterial blood were continuously 
sampled for measurement of oxygen, lactate, 
and pyruvate every 15 seconds. Arterial pH was 
measured every 30 minutes and adjusted by 
addition of sodium bicarbonate to the venous 
reservoir. The circuit was primed with 700 ml of 
lactated Ringer’s solution and 500 ml of homol- 
ogous blood freshly drawn in heparin. Volume 
was maintained by continuous infusion of 
blood freshly drawn in heparin. 


Experimental Protocol 


Dogs were randomly divided into two groups: a 
control group of 6 receiving the vehicle in equal 
volume and a group of 6 receiving MPSS* (30 
mg per kilogram of body weight, IV) 45 minutes 
prior to aortic cross-clamping. 

Total cardiopulmonary bypass was instituted 
and arterial pressure maintained at 70 to 80 mm 
Hg mean. The transition was made to right 
heart bypass with the same arterial pressure 
and a cardiac temperature of 37° + 1°C. After 
hemodynamic stabilization, ventricular func- 
tion was evaluated at three left ventricular 
end-diastolic pressures by increasing cardiac 
output to achieve the desired end-diastolic 
pressure. 

The transition was made to total bypass, and 
the dogs were cooled to 30°C. The aorta was 
cross-clamped and the left ventricle, vented. 
Crushed ice made from Ringer’s lactate was 
placed in the pericardial sac to lower cardiac 
temperature to 5° + 2°C in 15 minutes. 

After 60 minutes of ischemia, coronary flow 
was restored and cardiac and body temperature 
returned to 37° + 1°C. Ventricular fibrillation 
was converted by direct-current countershock, 
usually 5 to 10 minutes after restoration of coro- 
nary flow. After 30 minutes of recovery, the 
ventricular vent was closed and the transition to 
right heart bypass was made. Ventricular func- 
tion was assessed at the three filling pressures 
45 minutes after restoration of coronary flow. 

The dogs were killed, the weight of the left 


*The MPSS, as Solu-Cortef, and vehicle were kindly 
supplied by The Upjohn Company, Kalamazoo, MI. 


ventricle was established, and a sample of 
subepicardial and subendocardial myocardium 
was taken for electron microscopy. This tissue 
was immediately fixed in cold 3% glutaral- 
dehyde and two hours later was rinsed in 0.1 M 
sodium cacodylate and postfixed for one hour 
in 190 osmium tetroxide. The fixed tissue was 
dehydrated in acetone and embedded in Epon 
epoxy, sectioned, and stained for examination. 


Calculations 


Three-point ventricular function curves were 
plotted using left ventricular end-diastolic pres- 
sure (LVEDP) and stroke work (SW). We 
constructed "best fit" linear regression lines 
through the three points and compared the re- 
gression coefficient slopes of these lines using 
the t test for the difference between the slopes. 
Nonlinear regression attempted to fit the data 
points more closely, and solving for b and stan- 
dard error of b in SW = a(LVEDP)” allowed cal- 
culation of a t test on b in which a is con- 
stant. The correlation coefficient between SW 
predicted by the equation and that actually 
achieved was also determined. 

High-fidelity tracings of average left ventricu- 
lar pressure pulses at a paper speed of 25 cm per 
second (Fig 1) allowed entry of data into a com- 
puter every 4 msec using a curve reader. The 
computer generated continuous plots of peak 
rate of rise of left ventricular pressure (dp/dt), 
total pressure, and velocity of the contractile 
element (V..) (K dp/dt/p) from the isovolumet- 
ric portion of the pressure pulse (Fig 2). 
Maximum velocity (Vmax) was determined by 
extrapolating the points for Vee and total pres- 
sure back to zero pressure using a least squares 
fit program (Fig 3) [23]. Three beats were 
analyzed at each point on the ventricular func- 
tion curves, the values for Vmax averaged, and 
preischemic and postischemic values compared 
using the f test. 

Peak dp/dt taken from the computer-gen- 
erated plots was averaged for three beats at 
each level of LVEDP, and preischemic and post- 
ischemic values were compared using the t 
test. Dp/dt was also measured at the peak 
isovolumetric pressure common (CPIP) to the 
preischemic and postischemic state and di- 
vided by that pressure less LVEDP to correct for 
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Fig 1. Representative pressure tracing of arterial (AP) 
and left ventricular pressure (LVP) at a paper speed of 
25 cmisec. 
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Fig 2. Computer-generated plots of left ventricular pres- % 20 40 60 80 100 120 140 160 180 200 
sure (sine wave) and dpldt which are used externally for PRESSURE mmHg 
visual confirmation of curve configuration. Time is rep- 
resented on the abscissa, pressure on the left ordinate, Fig 3. Computer printout of V mar extrapolated to zero 
and first derivative of pressure on the right ordinate. pressure including 95% confidence limits. 


preload and afterload [23]. The mean values for that figure until coronary flow was restored (Fig 
this index (in sec!) were compared using thet 4). 
test, and the postischemic values were also ex- 


pressed as a percent of the control values. Ventricular Function 
Linear regression generates curves that fit data 
Results points with a mean correlation coefficient of 


Myocardial temperature curves for control and 0.941 + 0.013, and nonlinear curves (Fig 5) fit 
treated animals reveal a temperature of 27° + with a correlation coefficient of 0.937 + 0.012, 
1°C at the onset of ischemia falling to 5° + 2°C not significantly different. Using linear regres- 
by 15 minutes. The temperature remained at sion, three postischemic lines were different 
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Fig 4. Composite myocardial temperature curves (+ 1 
SEM) during 60 minutes of aortic cross-clamping under 
topical hypothermia. 
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Fig 5. Mean + 1 SEM (vertical lines) ventricular func- 
tion curves for control and steroid-treated dogs preisch- 
emia and postischemia. (EDP = end-diastolic pressure.) 


Table 1. Ventricular Function 


from preischemic lines, and two of these were 
in steroid-treated dogs. Three postischemic 
nonlinear curves were different from preisch- 
emic curves, and all were in animals receiv- 
ing steroids. 

When the slopes of the linear regression lines 
are compared, there are no significant dif- 
ferences between preischemic and postisch- 
emic data (Table 1). Expression of the postisch- 
emic slope of the linear lines as a percent of 
the preischemic slope does not distinguish be- 
tween control and treated animals. 

The slopes of the nonlinear curves were com- 
pared by expression of the postischemic b value 
as a percent of the preischemic b value, and the 
difference between control and treated animals 
was not significant (see Table 1). 

Thus, deterioration of ventricular function 
after ischemia was not significant, and there 
were no differences between control and 
treated dogs. 


Stroke Work 


Stroke work in control dogs declined signifi- 
cantly in the postischemic state at LVEDP of 5 
and 10 mm Hg but not at 15 mm Hg (Table 2). 
Steroid-treated dogs did not have a significant 
decline in postischemic work at 5 mm Hg 
LVEDP but did at 10 and 15 mm Hg. 


Ventricular Contractility 


Although they were uncontrolled, the changes 
in heart rate averaged 1.2% and therefore did 
not influence contractility significantly. 


Control Steroid Treated 
Curves Preischemia Postischemia Preischemia Postischemia 
Linear slope 2.07 + 0.66 1.48 + 0.44 1.78 + 0.38 1.00 +, 0.29 


t test 

Postischemic slope 
Preischemic slope 
Paired t test 

Nonlinear slope 

Preischemic b 
Postischemic b 

Paired t test 


x 100% 


x 100% 


NS = not statistically significant. 


ut a ee ee 


76.0 + 9.0% 


eS 


157.2 + 20.0% 


60.1 + 12.8% 


260.1 + 42.4% 
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Table 2. Stroke Work (gm—m) 


Control Steroid Treated 
LVEDP 
(mm Hg) Preischemia Postischemia Preischemia Postischemia 
5 9.0,+ 1.4 ^o x 05 117 3*3. EEFE 
p < 0.005° NS 
10 26.9 4 4.1 119 £33 23.1: 22 13.3 +,4.4 
p < 0.01 p< 0.05 
15 26.5 + 4.7 167 t 37 359.9 + SD IM5 T5 
S p < 0.05 
*t test. 


NS = not statistically significant. 


Table 3. Indices of Ventricular Contractility 


Control Steroid Treated 
Contractility Preischemia Postischemia Preischemia Postischemia 
Peak dp/dt (mm Hg/sec) 5,506 + 951 3,915 + 487 4,796 + 493 3,652 + 324 
aes A ecw 
t test S NS 
OSHBCHUITUR oir 78.2% ras 
Preischemia —————— 
Paired f test NS 
mdt — (sec !) 58.6 + 8.3 338: t 3.8 56.1 + 15.6 32.9 + 8.0 
CPIP—LVEDP 
t test p « 0.05 p « 0.05 
TONADA S. ido 61.8% 63.5% 
Preischemia e SOS 
Paired t test NS 
Vasa DE S 24.59 = DOT 237 2.0.10 2.41 + 0.20 Zur WX UU 
t test S 2 
POSHEGIEMUA a iggy 93.8 + 6.1% 97.1 + 8.4% 
Preischemia 
Paired t test NS 





NS = not statistically significant; dp/dt = first derivative of left ventricular pressure curve; CPIP = peak isovolumetric 
pressure common; LVEDP = left ventricular end-diastolic pressure. 


Postischemic peak dp/dt declined for both 
groups of dogs, but not significantly. There 
were no significant differences between control 
and treated groups (Table 3). 


The index of contractility en r 


declined significantly in the postischemic state 
for both control and treated groups but was 
similar for the two groups in the preischemic 
and postischemic state (see Table 3). 

The decline in Vmax after ischemia was not 
significant for control or steroid-treated ani- 
mals. Expression of the postischemic Vmax as a 


percentage of the preischemic value did not de- 
termine a significant difference between the 
control and treated dogs. 


Coronary Flow and Metabolism 


These data are presented in Figures 6 through 9. 
Total coronary flow (TCF) and myocardial up- 
take of oxygen (MVO) are expressed as millili- 
ters per 100 gm of left ventricular tissue per 
minute, and lactate and pyruvate as milligrams 
per 100 gm of left ventricular tissue per minute. 
The curves were normalized by reference to the 
mean of the control level obtained prior to isch- 
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Fig 6. Total coronary flow for control and steroid- 
treated dogs has been normalized by reference to the 
mean of the control level obtained prior to ischemia and 
changes expressed from this level + 1 SEM. Zero time 
indicates release of the aortic cross-clamp. 
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Fig 7. Myocardial uptake of oxygen. (See legend for Fig 
6.) 


emia, and the changes occurring with release of 
the aortic cross-clamp were expressed from this 
level. 

Peak reactive hyperemia (Fig 6) was similar 
for control (367 + 90) and stercid-treated (436 + 
90) groups and returned to preischemic flow by 
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Fig 8. Myocardial uptake of lactate. (See legend for Fig 
6.) 


15 minutes in both groups. The immediate (1 
minute) postischemic rise in MVO (Fig 7) was 
not statistically different from preischemia, and 
the difference (control, 12.0 + 0.16; treated, 15.9 
+ 1.8) between the two groups was not signifi- 
cant. Control dogs had an MVO that remained 
in the preischemic range while treated dogs had 
a gradual fall to a nadir at 16 minutes, followed 
by a return to preischemic values. 

Patterns of lactate uptake were not signifi- 
cantly different for control and treated animals 
(Fig 8). Lactate “washout” was minimal with 
restoration of coronary flow. Lactate uptake de- 
clined significantly below preischemic values 8 
minutes after release of the aortic cross-clamp 
and remained depressed for 20 minutes in the 
steroid-treated dogs and 30 minutes in the con- 
trol dogs before returning to initial levels. 

Pyruvate uptake began and ended at similar 
levels for control and treated dogs but was sig- 
nificantly (p « 0.05) depressed in control dogs 
for 28 minutes (Fig 9). By 45 minutes pyruvate 
uptake was similar for both groups but was 
significantly (p « 0.001) depressed from the 
preischemic level. 


Ultrastructure 


A comparison was made between control and 
treated dogs and between subendocardial and 
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Fig 10. Electron micrograph of the outer myocardium 
from a control dog showing glycogen depletion, mito- 
chondrial swelling, minimal mitochondrial vacuolization 
(arrow), and mild increase in interfilamentous space. 
(Original magnification X27,270.) 


subepicardial myocardium. Intracellular and in- 
terstitial edema was of moderate severity in 
both groups of dogs and was of lesser severity 
in the outer myocardium (Figs 10 through 13). 

Mitochondrial injury as manifested by swell- 
ing, loss of matrix density, and vacuolization 





June 1978 





Fig 11. Electron micrograph of outer myocardium from 
steroid-treated dog with glycogen depletion, minimal 
mitochondrial swelling, moderate mitochondrial vac- 
uolization (arrow), and some increase in interfilamen- 
tous space. (Original magnification X27,270.) 





Fig 12. Electron micrograph of inner myocardium from 

control dog with absent glycogen, decrease in mitochon- 
drial matrix density and vacuolization (arrow), and in- 

creased interfilamentous space. (Original magnification 

x27,270.) 


was of a mild to moderate degree. Differences 
between control and treated dogs and between 
inner and outer myocardium were not signifi- 
cant (see Figs 10 through 13). 

Injury to endothelium, nuclei, sarcoplasmic 
reticulum, and myofibrils was not evident. 


533 Barner et al: Topical Cardiac Hypothermia 





3A r E ^ 4 Ji 
Lon m OGA , T d 
a oe Ia c^. fer 


Fig 13. Electron micrograph of inner myocardium from 
steroid-treated dog showing absent glycogen, decrease 

in mitochondrial matrix density and vacuolization (ar- 
rows), and increased interfilamentous space. (Original 
magnification X27,270.) 


Comment 


We demonstrated previously that topical car- 
diac hypothermia with crushed ice results in 
good myocardial preservation for 30 minutes 
whereas 60 minutes of ischemia at 5°C is asso- 
ciated with moderate myocardial injury and 
impairment of function [1]. With the hope of 
enhancing the duration and quality of myocar- 
dial preservation during profound topical hypo- 
thermia, we tried pretreatment with MPSS. 
Myocardial contractility, was not improved 
by steroid pretreatment, which confirms 
the findings of Toyama and Reis [19] with a 
more severe ischemic injury (60 minutes of 
normothermic ischemia). They did find im- 
provement in ventricular compliance in animals 
treated with steroids. We failed to measure ven- 
tricular compliance or myocardial water content 
but we did not find that myocardial intracellu- 
lar and extracellular edema was lessened by cor- 
ticosteroids. Ultrastructure does provide some 
measure of myocardial water but it is not 
readily quantifiable [12]. In addition, we found 
that MPSS did not alter the decline in ventricu- 
lar function and myocardial work associated 
with 60 minutes of ischemia at 5°C. We did not 
find MPSS-induced alterations in total coronary 


flow, oxygen uptake, or metabolism of lactate 
and pyruvate. 

After a severe insult of two hours of nor- 
mothermic ischemia, MPSS-treated dogs had 
better peak systolic pressure, contractile veloc- 
ity, and compliance while heart water was not 
altered [9]. 

Our observations on the effects of steroids in 
global myocardial ischemia are similar to those 
reported by Beardsley and associates [2] in re- 
gional myocardial ischemia, but are at variance 
with some results reported by others [4]. Func- 
tion of the ischemic segment was better pre- 
served during ischemia and during reperfusion 
in steroid-treated dogs having isolated coro- 
nary occlusion [4]. Vyden and co-workers [21] 
postulated that the effect of steroids in protect- 
ing ischemic myocardium might be that of 
increased coronary flow. Steroid-induced in- 
crease in coronary flow has not been a uniform 
observation and may well be an effect of the 
vehicle [2]. Interarterial coronary anastomoses 
were not significantly enhanced by gluco- 
steroids in the dog [5]. daLuz and associates [4] 
also considered a shift to the right of the 
oxygen-hemoglobin dissociation curve [13] and 
a direct reduction of myocardial oxygen con- 
sumption [11] as favorable steroid effects in 
regional myocardial ischemia. Finally, they 
considered a stabilizing effect on cellular and 
subcellular membranes by steroids which 
would serve to delay the release of lysosomal 
proteolytic enzymes [17, 22]. It is this latter 
mechanism rather than a cardiodynamic one 
that may best explain the effects of steroids in 
global or regional myocardial ischemia [2]. 

Maintenance of membrane viability is de- 
pendent on high-energy phosphate stores [7, 
10]. A decrease in the rate of depletion of 
adenosine triphosphate and creatine phosphate 
by MPSS in rat hearts has been demonstrated in 
global hypoxia [14] and ischemia [8]. In these 
globally hypoxic rat hearts treated with MPSS 
there was a delay in the release of creatine 
phosphokinase and succinic dehydrogenase, a 
result which supports the notion of a mem- 
brane stabilizing effect of steroids [14]. 

Nayler and Seabra-Gomes [14] suggested that 
some of the effects of MPSS may be due to 
the sodium succinate moiety rather than the 
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methylprednisolone. Using the isolated rat 
heart perfused with substrate-free, hypoxic, 
Krebs-Henseleit solution containing MPSS, 
they found that the steroid component of the 
complex is responsible for prolongation of the 
hypoxia-induced increase in coronary flow and 
gain in tissue calcium. Delayed release of the 
intracellular enzymes (creatine phosphokinase 
and succinodehydrogenase) and decrease in 
the rate of depletion of myocardial adenosine 
triphosphate and creatine phosphate reflect the 
presence of the sodium succinate moiety. They 
postulated that sodium succinate may provide 
substrate for energy production. This theory 
has some plausibility in the hypoxic heart per- 
fused with a substrate-free solution containing 
MPSS or in regional ischemia, but seems less 
likely in the globally ischemic preparation with 
a single bolus of MPSS given some time prior to 
the onset of ischemia. It is possible that non- 
coronary collateral flow [3] could deliver this 
substrate to the globally ischemic heart. 

Late observations of the effects of steroids on 
regional or global myocardial ischemia are few. 
When infarct size and myocardial enzyme de- 
pletion were evaluated twenty-four hours after 
coronary occlusion, there was no benefit from 
MPSS [20]. These data suggest that the appar- 
ently beneficial MPSS effects observed at the 
time of, or in the first several hours after, acute 
ischemia may only reflect a delay in membrane 
deterioration responsible for enzyme loss. 

The role of steroids in myocardial preserva- 
tion during surgically induced ischemia is not 
clear. Our data do not demonstrate benefit from 
steroids. An ischemic insult that would be con- 
sidered intolerable clinically was improved by 
MPSS [19]; the more severe the ischemia, 
the greater the benefit [9]. Membrane stabili- 
zation and delay in release of acid hydro- 
lases from damaged lysosomes [15] are laud- 
able but may represent a relatively late state 
of ischemia that is not usually achieved in car- 
diac operations or, if it is, should be avoided. 
On the other hand, membrane deterioration 
may occur early in ischemia, and present tech- 
niques do not permit documentation of steroid 
effect. Regardless, we prefer to direct our efforts 
at membrane stabilization through preserva- 
tion of myocardial high-energy phosphates 
[7, 10] by achieving rapid cardioplegia com- 


bined with profound topical hypothermia. 

The present study confirms our previous ob- 
servations on the alterations in myocardial 
function and structure after 60 minutes of isch- 
emia at 5°C [1]. As in that study, we did not 
find ultrastructural injury secondary to topical 
ice, as has been reported by others [18]. 
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Notice from The Society of Thoracic Surgeons 


Call for Abstracts—1979 Meeting 
(Deadline: August 31, 1978) 


Abstracts for papers to be presented at the 1979 
Annual Meeting of The Society of Thoracic Sur- 
geons are now being accepted. The meeting is 
to be held at the Phoenix Civic Plaza, Phoenix, 
AZ, January 15-17, 1979. 

The deadline for receipt of abstracts is August 
31, 1978. An original and eight copies should be 
submitted on the official society abstract form 
to Robert L. Replogle, M.D., Chairman, Pro- 
gram Committee (Abstracts), The Society of 
Thoracic Surgeons, 111 E Wacker Dr, Chicago, 
IL 60601. The forms are available upon request 
from The Society. Abstracts must summarize an 
original contribution not presented or submit- 
ted elsewhere. Abstracts received after the 
deadline will not be considered. It is requested 
that the covering letter indicate the author who 
is to receive notice of acceptance or rejection 
and the author who will present the paper. 

The Program Committee reserves the right to 
select papers for either regular or forum-type 
presentation. The author may also designate his 
preference for presentation in the forum. Es- 
sayists are reminded that the complete manu- 
script must be submitted in duplicate either to 
the Editor of The Annals of Thoracic Surgery be- 
fore the meeting or to the Secretary of The Soci- 
ety at the meeting, immediately prior to presen- 
tation. 


Call for Surgical Films 
(Deadline: August 31, 1978) 


The popular surgical movie program will again 
be presented at the Phoenix meeting. The Pro- 
gram Committee hereby solicits the submission 
of surgical films, which may portray a surgical 
procedure or simply a technical maneuver that 
the surgeon thinks will be of interest to the So- 
ciety. The film may not exceed 10 minutes in 
length. Sound movies are acceptable but not 
necessary, and live narration by the principal 
surgeon is a requirement for participation in 
the movie night program. The movies may be 
on Super-8 or 16-mm film. The deadline for 
submission of films is August 31, 1978. Films 
also should be sent to Robert L. Replogle, M.D., 
Chairman, Program Committee, at The Society 
office, 111 E Wacker Dr, Chicago, IL 60601. 


Application for Membership 
(Deadline: September 1, 1978) 


Requests for membership application forms 
should be addressed to Quentin R. Stiles, M.D., 
Chairman, Membership Committee, The Soci- 
ety of Thoracic Surgeons, 111 E Wacker Dr, 
Chicago, IL 60601. 

The completed application forms and sup- 
porting letters must be in the hands of the 
Membership Committee by September 1, 1978, 
for the applicant to be considered for election at 
the Phoenix meeting next January. 


Thomas D. Bartley, M.D. 
Secretary 


Preservation of Myocardial Contractility 
in Hemorrhagic Shock with Methylprednisolone 


G. Merin, M.D., D. Eimerl, M.D., S. Raz, B.Sc., D. Tzivoni, M.D., 


and M. S. Gotsman, M.D. 


ABSTRACT The left anterior descending or left cir- 
cumflex coronary artery was cannulated selectively 
in 10 dogs. Methylprednisolone, 1 mg per kilogram 
of body weight, was injected into the artery and the 
cannula was withdrawn. The animals were then 
subjected to hemorrhagic shock for 90 minutes. Re- 
transfusion to prestudy blood pressure was then 
accomplished. The electrocardiogram, arterial blood 
pressure, contractile force, and first derivative of 
contractile force were recorded continuously both 
‘from the areas that were pretreated and those that 
were not, the controls. Contractile force in the con- 
trol area was reduced to 32 + 3.2% of the preshock 
period after 90 minutes of shock, whereas in the pre- 
treated area it was twice as high at the same time. 
Ten minutes after transfusion, the contractile force 
of the pretreated area exceeded the preshock level, 
whereas the recovery of contractile force in the con- 
trol area reached only 70% of the preshock level. 
This study shows that intracoronary infusion of 
methylprednisolone can afford myocardial protec- 
tion in hemorrhagic shock to a significant degree. 


Hemorrhagic shock causes functional and struc- 
tural cellular damage. Depression of myocardial 
function in hemorrhagic shock is thought to be 
part of the functional derangement induced by 
shock to the whole body. There are some indi- 
cations, however, that a specific myocardial 
depressant factor is released, and this further 
decreases its contractility [1, 6]. Corticosteroids 
have been shown to stabilize lysosomal mem- 
branes, thus providing cellular protection in 
various forms of shock [4, 14]. 
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The present study was undertaken to deter- 
mine the degree of isolated regional myocardial 
protection provided by direct intracoronary in- 
fusion of methylprednisolone during hemor- 
rhagic shock. 


Materials and Methods 


Ten adult mongrel dogs weighing between 23 
and 30 kg were anesthetized with pentobarbi- 
tal, 30 mg per kilogram of body weight, and 
ventilated with 50% oxygen by a Harvard respi- 
rator. The femoral artery was cannulated for 
arterial pressure readings and connected to a 
Statham P23AA transducer. The heart was ex- 
posed through a midline sternotomy. Two 
Walton-Brodie strain gauge arches were identi- 
cally calibrated on both resistance and capaci- 
tance circuits, and the gain was set on the 2x 
amplification to produce an equal 20-mm de- 
flection in both directions by a standard 100 gm 
weight. One gauge was sutured in the area per- 
fused by the left anterior descending coronary 
artery (LAD) and the other, to the area perfused 
by the left circumflex coronary artery (LCx). 
Both strain gauges were then adjusted to pro- 
duce equal tension amplitude, and the output 
channels were connected to a computer to de- 
termine the first derivative of contractile force 
(df/dt). Two epicardial electrodes were sutured 
to the left ventricular surface in the correspond- 
ing LAD and LCx areas. 

Mean and phasic arterial blood pressure, 
standard lead II of the electrocardiogram, 
epicardial tracings from both LAD and LCx 
areas, contractility, and df/dt from both areas 
were recorded on a Sanborn 350 eight-channel 
recorder. 

A 20-gauge polyethylene catheter was 
threaded into the LAD in 4 dogs and into the 
LCx coronary artery in the other 6 dogs through 
an Intracath* needle which was inserted into 


*Deseret Company, Sandy, UT. 
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the anterior wall of the ascending aorta. The 
catheter was positioned in either the LAD or 
the LCx without a change in either regional 
contractility or epicardial tracing. Heparin, 3 
mg per kilogram of body weight, was then 
given intravenously. 

A solution of 1 mg per milliliter of methyl- 
prednisolone in normal saline was infused 
through the catheter for 10 minutes at a rate 
calculated as a total dose of 1.0 mg per kilogram 
of body weight for each animal, to achieve in 
the coronary artery a blood level that would 
be identical to a systemic injection of 40 mg per 
kilogram of methylprednisolone. After the in- 
jection of methylprednisolone, the catheter was 
withdrawn. The internal mammary artery was 
then cannulated with a 14-gauge cannula, and 
the animal was rapidly bled into a reservoir for 
90 minutes. A constant mean arterial pressure 
of 30 mm Hg was maintained. At the end of this 
period, the animals were rapidly retransfused 
until the mean arterial pressure returned to 100 
mm Hg. 

Readings were taken from the study (infused) 
area and the control (not infused) area before 
insertion of the catheter into the coronary ar- 
tery, before and immediately after injection of 
methylprednisolone, during the first minute of 
acute bleeding, and 30, 60, and 90 minutes after 
induction of hemorrhagic shock. Recordings 
were also taken 1 and 10 minutes after retrans- 
fusion. 

Results were calculated as follows: the con- 
tractile force before the experiment was taken as 


a baseline level of 1.0. Each measurement dur- 
ing the experiment was then calculated as a 
ratio of this baseline level. Comparison be- 
tween the control and study areas was made at 
each reading for each animal, and was also ex- 
pressed as a ratio according to the calculation: 


Contractile force of study area 
Contractile force of control area 


This difference was evaluated statistically by 
the paired t test. 


Results 


Contractile force did not change while methyl- 
prednisolone was infused into the study area 
and after 1 minute of acute bleeding (Table 1). 
In the control area it was 54 + 7.3% of the. 
baseline level after 30 minutes of shock, 32 + 
10.7% after 60 minutes, and 32 + 3.2% after 90 
minutes of shock. After 1 minute of retransfu- 
sion contractile force returned to 46 + 7.6% of 
the baseline level, and after 10 minutes of re- 
transfusion it was 70 + 11% of that level. 

After infusion of methylprednisolone, con- 
tractile force in the study area was 105 + 8% of 
the baseline level (see Table 1). After 1 minute 
of rapid bleeding, it increased to 127 + 12%. At 
30 minutes of shock it was 91 + 8%; at 60 min- 
utes, 84 + 7%; and at 90 minutes, 65 + 6.4% of 
the baseline level. After 1 minute of rapid trans- 
fusion, contractile force in the study area re- 
turned to 88 + 7% of the baseline level, and 
after 10 minutes it was 107 + 9% of the baseline 
level (Fig 1). 


Table 1. Relative Changes in CF in 10 Dogs following Methylprednisolone 


Treatment, Hemorrhagic Shock, and Retransfusion 








Time of Reading Control Study Difference p Value 

Injection of 1 + 0.09 1.05 + 0.08 0.03 + 0.0072 <0.05 
methylprednisolone 

1st min of bleeding 1.09 + 0.02 I7 2 02 0.187 + 0.03 <0.001 

30 min of shock 0.54 + 0.073 0.91 + 0.08 0.34 + 0.056 <0.01 

60 min of shock 0.32 + 0.10 0.84 + 0.07 0.43 + 0.023 «0.001 

90 min of shock 0.32 + 0.032 0.65 + 0.064 0.32 + 0.056 <0.001 

1 min after 0.46 + 0.076 0.88 + 0.07 0.42 + 0.059 <0.001 
retransfusion 

10 min after 0.70 + 0.11 1.07 + 0.09 0.37 + 0.075 «0.001 


retransfusion 
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Fig 1. Changes in contractile force (CF) and first deriva- 
tive of contractile force (dfidt) during acute bleeding. 
The area of the left circumflex (LCX) artery was pre- 
treated with methylprednisolone. Note that the CF in 
the LCX area (CF-LCX) increases rapidly without con- 
siderable change in mean systemic blood pressure (BP). 
(LAD = left anterior descending coronary artery.) 
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Fig 2. Changes in contractile force (CF) and first deriva- 
tive of contractile force (dfidt) at the pretreated left cir- 
cumflex (LCX) area before and at 30, 60, and 90 min- 
utes of shock compared with the left anterior descending 
(LAD) area, which was not pretreated. CF and dfidt are 
well preserved even at mean blood pressure (BP) of 40 
mm Hg, while at the LAD area a marked decrease in CF 
and dfidt occurs. The CF and dfidt of the LAD region are 
markedly depressed during the shock period. Note the 
rapid recovery of CF and dfldt in the LCX region fol- 
lowing retransfusion (arrow) while the corresponding 
changes at the LAD region are very mild. 


The results of comparison of contractile force 
in the control and study areas during the exper- 
iment are summarized in Table 1 and illustrated 
in Figure 2. 

Changes in df/dt in the control and study 
areas were similar to changes in contractile 
force and are summarized in Table 2 (see Fig 2). 


Table 2. Relative Changes in dfldt in 10 Dogs following Methylprednisolone 


Treatment, Hemorrhagic Shock, and Retransfusion 


Time of Reading Control 

Injection of 1.0 
methylprednisolone 

1st min of bleeding 1.059 + 0.071 

30 min of shock 0.595 + 0.04 

60 min of shock 0.528 + 0.09 

90 min of shock 0.420 + 0.04 

1 min after 0.552 + 0.07 
retransfusion 

10 min after 0.788 + 0.12 


retransfusion 


Study Difference p Value 
1.043 + 0.045 0.047 + 0.01 <0.01 
1.178 + 0.09 0.119 + 0.026 <0.01 
0.912 + 0.07 0.318 + 0.062 <0.01 
0.822 + 0.07 0.294 + 0.044 <0.001 
0.722 + 0.07 0.302 + 0.047 <0.001 
0.888 + 0.07 0.336 + 0.060 <0.001 
1.061 + 0.09 0.272 + 0.065 <0.01 
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Comment 


Pretreatment with corticosteroids has been 
shown to have beneficial effects in different 
kinds of shock, both in humans and in the ex- 
perimental animal [5, 7-9]. In the present ex- 
periment, all the systemic phenomena accom- 
panying hemorrhagic shock were present in the 
experimental animal. The resultant myocardial 
depression is well documented by the decrease 
in contractile force at the control area. These 
changes are in the magnitude observed also by 
Urschell and co-workers [14]. 

In the study area, however, contractile force 
was quite well preserved. It has been shown 
that methylprednisolone is present intracellu- 
larly following intravenous injection, even 
when given during or after prolonged periods 
of shock [15]. The present experiment was 
planned to provide such intracellular binding 
of the drug only in a very well circumscribed 
region—namely, the supply area of either the 
LAD or the LCx. The dose given was calculated 
to achieve locally a pharmacological blood level 
with a negligible systemic effect. The assump- 
tion was made, therefore, that the major por- 
tion of the intracoronary infused drug was 
bound in the cells of the corresponding per- 
fused area. Thus the study area showed signifi- 
cant preservation of myocardial function during 
hemorrhagic shock. 

In the 4 dogs in which the LAD was cannu- 
lated, the epicardial tracing of the study area 
showed less S-T segment depression and 
smaller T wave inversion than that of the con- 
trol area. This observation is well explained by 
the observed stabilizing effect of corticosteroids 
on lysosomal membranes [4, 14]. The same de- 
gree of protection is also noted in experimental 
myocardial infarction [9, 10], ischemic arrest [2, 
13], and cardiopulmonary bypass [10]. In all 
these conditions corticosteroids were given sys- 
temically, and there was some difficulty in as- 
sessing the degree of myocardial protection 
provided by the direct effects of the drug as 
opposed to its systemic beneficial influence. 
The present study provides evidence for the di- 
rect myocardial protective effect of methylpred- 
nisolone in hemorrhagic shock, without alter- 
ing any of the systemic processes occurring in 
shock by the use of the drug, and with another 


region of the myocardium subjected to the same 
conditions serving simultaneously as a control. 

The reaction to retransfusion is also signifi- 
cantly different in both the study and control 
areas. The recovery of contractility is much faster 
in the study area than in the control area during 
the first minute, and the magnitude of regained 
contractile force at the end of 10 minutes follow- 
ing retransfusion is also significantly higher. 
This is indicative that the prolonged period of 
shock caused less damage to the pretreated 
area. 

The reported positive inotropic effects of cor- 
ticosteroids [11, 12] could be demonstrated in 
the present study. The intracoronary infusion 
of methylprednisolone produced a modest (3.06 
+ 0.72%) rise in contractile force that was statis- | 
tically significant compared with the control 
area. 

It should be noted, however, that there was a 
highly significant rise in contractile force in the 
study area following the first minute of acute 
bleeding (see Fig 1). This may be indirect evi- 
dence that the intracellular binding of methyl- 
prednisolone caused the pretreated area to react 
in much higher magnitude than the control 
area to endogenous pressor amines released as 
a reaction to acute bleeding. Such potentiation 
was suggested by Connolly in 1959 [3]. 
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Notice from the American Board of Thoracic Surgery 


The 1979 annual certifying examination of the 
American Board of Thoracic Surgery (written 
and oral) will be held Mar 22-24, 1979, in Mile Rd, Detroit, MI 48205. 
Chicago, IL. Final date for filing application is 
Aug 1, 1978. 


Please address all communications to the Ameri- 
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pacer problem: 
lead dislodgement 


permanent solution: 
CORATOMIC ENDO-LOC 


The slender profile of the L-40 
makes lead placement easier and 
exact. 


The remote actuator allows you 
to lock the lead when you're 
ready, adjust if necessary, and 
eliminates lead tip movement. 


For further information about 
this breakthrough in the field of 
cardiac pacing, write: Marketing 
Services, Coratomic, Inc. P.O. 
Box 434, Indiana, PA 15701. 


When you choose to use the L-40 
with. one of our biocompatibly 
Superior lithium or isotopic 
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selected the finest pacing system 
available today. j 
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Why now? 

Because of new leadership to enhance 
our proven skills. Renewed emphasis 
on new product development. And ad- 
ded resources available to us from 
Howmedica. Result? An accelerated 
commitment to meet your needs bet- 
ter than ever before. With logical al- 
ternatives. In exclusive needles — 
such as the All-Purpose 'K' Needle? . 
In quality sutures — such as time- 
tested silk, preferred for over 50 years, 
unique Tevdek®, and Polydek®. And 
in new cost-containment programs to 
help control the level of spending in 
your OR. 


Needle exclusivity, time-tested suture 
quality, cost-containment...all 
good reasons to make Deknatel your 
logical alternative in wound manage- 
ment. And there are others. Why not 
let your Deknatel sales representative 
help you select the product alterna- 
tives most logical for your surgery? 


the logical alternative 
in wound management 
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A Comparison between Propranolol 
and Hypothermia in Preventing Ischemic 
Contracture of the Left Ventricle (Stone Heart) 


G. Lionel Zumbro, Jr., M.D., Larry Tillman, Ph.D., Aubrey O. Bailey, III, 


and Robert L. Treasure, M.D. 


ABSTRACT Ischemic contracture of the left ventri- 
cle ("stone heart") was studied utilizing a previously 
described stone heart model. Our studies suggest 
that beta-adrenergic blockade is not quantitatively 
as important as hypothermia in protecting ischemic 
myocardium. On the basis of reduced fibrillatory ac- 
tivity and a slight protective effect shown by electron 
microscopy, it would appear that combining pro- 
pranolol with hypothermia may be superior to 


either used singly. 


Ischemic contracture of the left ventricle ("stone 
heart’’) is an extreme manifestation of ischemic 
injury to the myocardium. It usually occurs clin- 
ically in the hypertrophied ventricle during pro- 
longed periods of ischemic arrest. In this condi- 
tion, which resembles rigor mortis in skeletal 
muscle, the left ventricle becomes firm and con- 
tracted. It has been universally irreversible in 
clinical and experimental reports [1, 4]. Fortu- 
nately, stone heart is a rare complication follow- 
ing cardiac operations. Cooley and associates 
[4] reported a 0.396 incidence of stone heart 
among 4,732 patients undergoing various types 
of cardiac procedures. The major findings in 
these patients were left ventricular hyper- 
trophy, myocardial fibrosis, and left ventricular 
failure. Reports by Reul and co-workers [13] 
and MacGregor and associates [12] suggest a 
protective effect from propranolol. In one of 
these reports [13] the patients received pro- 
pranolol and systemic hypothermia during 
ischemic arrest of the heart, which made evalu- 
ation of the singular effect of propranolol dif- 
ficult. For this reason, our study compares the 
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effectiveness of propranolol and hypothermia 
when used singly and in combination. The 
experimental dog model described by Arm- 
strong and associates [1] was used to produce 
stone heart. 

In this study, we measured onset and com- 
pletion of ischemic contracture of the left ven- 
tricle with an intraventricular balloon-tipped 
catheter connected to a pressure transducer (Fig 
1). The intraventricular balloon allows early de-, 
tection of the onset of ischemic contracture. 
Moreover, it is capable of detecting contracture 
in isolated regions of the left ventricular 
myocardium. This is important since early con- 
tracture occurs in isolated regions that invari- 
ably correspond to areas of highest myocardial 
temperature. 

Fibrillation time following ischemic arrest 
was measured since propranolol is reported to 
exert its protective effect by decreasing this 
period of high oxygen consumption [13]. 

Left ventricular biopsy specimens were stud- 
ied by electron microscopy. 


Materials and Methods 


Twenty mongrel dogs weighing 15 to 30 kg 
were anesthetized with sodium pentobarbital 
and maintained on positive-pressure ventila- 
tion. The heart was exposed through a median 
sternotomy, and following systemic hepariniza- 
tion, the animals were placed on cardiopulmo- 
nary bypass using caval and femoral artery can- 
nulation. Disposable bubble oxygenators were 
primed with a glucose-crystalloid solution. 

A balloon-tipped catheter connected to a 
Statham pressure transducer and recording sys- 
tem was introduced into the apex of the left 
ventricle to record the onset and completion of 
left ventricular ischemic contracture (see Fig 1). 
The ventricular balloon was inflated with 5 to 6 
ml of saline. Care was taken to avoid distention 
of the ventricle. A baseline pressure was ob- 
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Fig 1. Cuffed intraventricular catheter connected to 
pressure transducer for measuring earliest onset to com- 
pletion of left ventricular contracture (stone heart). 


tained by a paper write-out recording system. 
The onset of contracture was detected by an 
elevation of the recorded pressure. The comple- 
tion of contracture was determined by the 
plateau of the pressure curve after which there 
was no subsequent increase in pressure. 
Anterior left ventricular biopsy specimens 
were taken for electron microscopical studies 
prior to cross-clamping the ascending aorta for 
2 hours. Anterior left ventricular biopsy speci- 
mens were again taken at the end of the isch- 
emic period. A needle electrode was inserted 
into the left ventricle to record fibrillation time 
following application of the aortic cross-clamp. 
Twelve animals were subjected to normother- 
mic arrest (Group 1) and 8 animals to hypo- 
thermic arrest (Group 2). Systemic hypother- 
mia (28°C) and profound topical cooling with 
4°C Ringer's lactate was used in Group 2. 
Propranolol (0.2 mg per kilogram of body 
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weight) was administered through the pump 
oxygenator 5 minutes prior to cross-clamping 
the aorta. Nine of the 20 dogs received pro- 
pranolol by the double-blind method; the re- 
maining dogs were not treated. 

Left ventricular temperature was monitored 
with a needle thermistor at 15-minute intervals. 
Anterior, posterior, and endocardial tempera- 
tures were measured during ischemic arrest. 


Preparation of Electron Micrographs 


All ventricular biopsy specimens were immedi- 
ately placed in Karnovsky's fixative (pH 7.2, 
osmolarity 300) for 1 hour and washed in sev- 
eral changes of cacodylate buffer. The speci- 
mens were postfixed in 2% buffered osmium 
tetroxide. Tissue samples were then dehydrated 
at room temperature through graded solutions 
of ethyl alcohol, infiltrated with increasing con- 
centrations of epoxy resin, and embedded in 
Epon 812. Thick sections (1 mw) were cut and 
stained with toluidine blue. Thin sections (700 
to 800 A) were cut on a Porter-Blum Sorvall 
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Table 1. Onset and Completion of Ischemic Contracture in Group 1 (Normothermic Arrest) 





Onset Completion Mean? 

Animal Treatment (min) (min) (min) 
i ii se o P 
1 Propranolol 24 23 Onset, 41.7 

2 Propranolol 20.7 89 

3 Propranolol 25.6 101 Onset to 

4 Propranolol 63.5 93 completion, 42.6 
5 Propranolol 75 105 

6 Untreated 7 102 

7 Untreated 39.5 Fs Sho 

8 Untreated 46.4 76 Onset, 46.4 

9 Untreated 54 96 
10 Untreated 54.8 104.8 Onset to 
11 Untreated 29 105 completion, 46.7 
12 Untreated Failed to produce 


stone heart 





^ No statistical difference between propranolol-treated and untreated animals (p > 0.05). 


MT-2 ultramicrotome, mounted on copper 
grids, and double stained with a modification 
of Reynold's lead citrate plus uranyl acetate. 
Stained specimens were scanned and photo- 
graphed in an RCA EMU-4A electron micro- 
scope. Changes in the mitochondrial ultrastruc- 
ture were evaluated as described by Kottmeier 
and Wheat [10], and further observations were 
made for myofibril preservation and glycogen 
distribution. 

Statistical analysis of data was performed 
using the t test for independent samples. Val- 
ues were considered significant if the probabil- 
ity factor was less than 0.05. 


Results 
Group 1 (Normothermic Arrest) 


Eleven of the 12 dogs subjected to normother- 
mic ischemic arrest had left ventricular rigor. 
Propranolol-treated animals showed no evi- 
dence of protection from ischemic contracture 
(Table 1). Moreover, the only animal that had 
ischemic contracture did not receive propran- 
olol. 

The location of initial development of isch- 
emic contracture was related to the regional 
myocardial temperature. Contracture invari- 
ably began in the posterior left ventricle, where 
the temperature was 3° to 4^C higher than in the 
anterior left ventricle. 

The onset of contracture was easily detected 


by an increase in left ventricular balloon pres- 
sure above the baseline. Pressure changes from 
baseline to completion of contracture ranged 
from 20 to 40 mm Hg in the animals that had 
ischemic contracture. 

The right ventricle was flaccid in all animals 
but 1 in which both right and left ventricular 
rigor developed. 

Left ventricular contracture was never re- 
versible after we removed the cross-clamp 
and attempted to resuscitate the heart. 

There was no difference in fibrillation time 
between the propranolol-treated and the un- 
treated hearts during normothermic ischemic 
arrest (p > 0.05). 


Group 2 (Hypothermic Arrest) 


None of the 8 dogs in Group 2 had ischemic 
contracture. No gross difference in the left ven- 
tricle could be ascertained between the pro- 
pranolol-treated and the untreated animals. 

Intraventricular pressures measured by the 
balloon-tipped catheter failed to change during 
the entire period of arrest. Furthermore, all 
hearts could be resuscitated and temporarily 
weaned from bypass with the aid of cardiotonic 
agents. 

Fibrillation time during ischemic arrest was 
significantly less in the animals receiving pro- 
pranolol and hypothermia in conjunction 
(Table 2). 
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Table 2. Fibrillation Time in Group 2 
(Hypothermic Arrest) 


Fibrillation Mean 
Animal Treatment Time (min) (min) 
1 Propranolol 15 
2 Propranolol 21 16.5 
3 Propranolol 24 i 
B Propranolol 6 
5 Untreated 36 
6 Untreated 33 

35.20" 

7 Untreated 45 
8 Untreated 27 


^Highly significant difference (p < 0.01). 


Electron Microscopy Findings 


. A normal biopsy specimen from a control dog is 
shown in Figure 2. All hearts with left ventricu- 
lar ischemic contracture showed the most se- 
vere mitochondrial damage (Fig 3). Mitochon- 
drial changes included extensive loss of matrix 
granularity and density with advanced cristae 
fragmentation (see Fig 3). Severe depletion of 
glycogen was seen in all hearts with ischemic 
contracture. Propranolol-treated animals dem- 
onstrated slightly less glycogen depletion in 
both Groups 1 and 2 (Figs 4, 6). Propranolol had 
no significant effect on the degree of mitochon- 
drial degeneration. Hypothermia had a marked 
protective effect with less mitochondrial dam- 
age (Figs 5, 6). 


Comment 

In 1972, the clinical syndrome of irreversible 
ischemic contracture of the left ventricle was 
described by Cooley [4] and Wukasch [15] and 
their co-workers. Ten years earlier, Gott and as- 
sociates [6] described a similar condition in 
experimental animals. However, its clinical 
significance in cardiac surgery was not ap- 
preciated until recent years. The present study 
as well as others [1, 7, 12] indicate that stone 
heart is a result of extreme ischemic injury to 
the myocardium. 

The unpredictable onset and progression to 
complete ischemic contracture is likely the re- 
sult of the preexisting pathological status of the 
left ventricle. A biochemical defect related to 
depletion of high-energy phosphates is at least 
partially responsible for the syndrome. 


Katz and Tada [8, 9] postulated that the stone 
heart syndrome represents adenosine triphos- 
phate (ATP) depletion in the myocardium. 
Their hypothesis received considerable support 
from the results of an experimental study by 
Hearse and co-workers [7]. They found that 
ischemic contracture correlates closely with 
ATP depletion and that interventions retarding 
depletion of ATP also retard the development of 
ischemic contracture. 

Beta-adrenergic blockade and hypothermia 
have been advocated for the prevention of stone 
heart [3, 5, 13]. MacGregor and colleagues [12] 
evaluated the efficacy of beta blockade by mea- 
suring and plotting the intramyocardial carbon 
dioxide accumulation curve during ischemic 
arrest. They concluded that beta-adrenergic 
blockade delays but does not prevent ischemic 
contracture. The rationale for using propranolol 
is related to its effectiveness in causing beta 
blockade at the myocardial cellular level [2, 11]. 
Theoretically, beta blockade reduces the period 
of fibrillatory activity during ischemic arrest. 
During ischemic arrest, early release of nor- 
epinephrine from sympathetic nerve endings 
results in increased glycogenolysis and gly- 
colysis [13]. Propranolol may exert a protective 
effect by decreasing fibrillatory activity and by 
blocking the effect of early norepinephrine re- 
lease. The net effect should be a reduction in 
anaerobic metabolism of the heart. 

Our study suggests that beta-adrenergic 
blockade is not quantitatively very important in 
the heart subjected to ischemic arrest. Fibrilla- 
tory activity was not altered by propranolol dur- 
ing normothermic ischemic arrest. However, 
there was a striking reduction in the period of 
fibrillation when propranolol and hypothermia 
were used in conjunction. Hypothermia alone 
greatly reduces fibrillatory activity and by some 
unknown mechanism may potentiate the beta 
blocking effect of propranolol. 

The mechanical onset and completion of left 
ventricular rigor were not altered by pro- 
pranolol (see Table 1). The extreme effectiveness 
of hypothermia in preventing ventricular con- 
tracture was apparent since no animal in Group 
2 had ventricular rigor. 

Hypothermia clearly results in quantitatively 
greater myocardial protection compared with 
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Fig 2. Control biopsy specimen taken from the left ven- 
tricular myocardium prior to aortic cross-clamping. The 
electron micrograph demonstrates normal myocardial 
cell components. Myofibrils (Mf) are cut longitudinally. 
There are parallel rows of dense mitochondria (M), 
glycogen (G), and endoplasmic reticulum (arrows). 
(Original magnification X19,900.) 
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Fig 3. Biopsy specimen from the left ventricular 
myocardium of an untreated Group 1 dog (normother- 
mia). Note loss of mitochondrial matrix density (Mx), 
cristae fragmentation (C), outer membrane fragmenta- 
tion (arrows), and severe glycogen depletion (G). (ER 
= endoplasmic reticula, L = lipid.) (Original magnifi- 
cation X37,700.) 
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Fig 4. Left ventricular biopsy specimen from a Group 1 
dog treated with propranolol. Note the greater amount 
of glycogen (G) as compared with Figure 3. Otherwise, 
the degenerative changes are similar to those seen in 
Figure 3. (C = cristae, Mx = matrix, arrow = 
mitochondrion.) (Original magnification X35,600.) 
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Fig 6. Left ventricular biopsy specimen from a Group 2 
dog treated with propranolol. Note the greater amount 
and more even distribution of glycogen (G) when com- 
pared with Figure 5. Otherwise, degenerative changes 
are similar to those in Figure 5. (C = cristae, Mx = 
matrix, ER = endoplasmic reticula, arrow = glycogen.) 
(Original magnification X34,600.) 
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beta blockade. Clinically and experimentally, 
uniform myocardial hypothermia is difficult to 
maintain during ischemic arrest because of 
multiple factors (e.g., ambient temperature, 
bronchial blood return, and noncoronary collat- 
erals). The lack of uniformity of temperature 
was easily demonstrated in this study by a nee- 
dle thermistor. This problem was obviated by 
taking biopsy specimens from the same loca- 
tion in every animal. 

Electron microscopy demonstrated a striking 
difference between hypothermic and normo- 
thermic arrest. Hypothermia resulted in the 
expected protective effect. Propranolol may 
have a slight protective effect. Electron micros- 
copy revealed that there was less glycogen de- 
pletion when that agent was administered. 

Ischemic contracture can be consistently re- 
produced and measured by an intraventricular 
balloon, which we described (see Fig 1). Time 
of onset and completion is extremely variable 
(see Table 1). This corresponds to clinical ob- 
servations of the onset of stone heart which 
range from 22 to 110 minutes of ischemic arrest 
[10]. 

In summary, our results suggest that hypo- 
thermia provides much greater myocardial pro- 
tection than propranolol during ischemic ar- 
rest. On the basis of reduced fibrillatory activity 
and a slight protective effect shown by electron 
microscopy, it would appear that combining 
propranolol with hypothermia may be superior 
to hypothermia used singly. 
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Intraoperative Posterior Left Ventricular 
Wall Rupture Associated with Mitral Valve Replacement 


Allan Wolpowitz, F.R.C.S., Marius S. Barnard, M.B., Ch.M., Hector E. Sanchez, M.D., 


and Christiaan N. Barnard, M.D., Ph.D. 


ABSTRACT An unusual but often lethal complica- 
tion of mitral valve replacement is rupture of the left 
ventricle. The two recognized types of rupture are 
discussed, and the literature and pathology are re- 
viewed. It is stressed that this complication can be 
prevented, and the factors involved in prevention are 
outlined. 


From January, 1972, through October, 1977, 663 
mitral valve replacements were performed at 
Groote Schuur Hospital, Cape Town, as iso- 
lated or combined procedures. Rupture of the 
posterior wall of the left ventricle was observed 
in 4 patients. Left ventricular rupture is a rare 
but often lethal complication [2, 5], and 
younger surgeons are often not aware of it. By 
reporting on our 4 patients and reviewing the 
literature, we are attempting to identify com- 
mon etiological factors and emphasize methods 
of prevention and management. 


Case Reports 
Patient 1 


In November, 1972, a 59-year-old man was re- 
ferred to our hospital for mitral valve replace- 
ment. At operation, a calcified mitral valve was 
excised using moderate hypothermia and isch- 
emic arrest and was replaced with a 4-M 
Starr-Edwards valve. Immediately after the pro- 
cedure, a very high blood pressure, with a mean 
recording of 200 mm Hg, developed. While this 
was being treated, within an hour of operation, 
catastrophic hemorrhage occurred through the 
pericardial drains. Despite immediate opening 
of the chest and repairing of the defect, the pa- 
tient died. At postmortem examination, a1.5 cm 
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tear was found in the posterolateral wall of the 
ventricle related to the excised papillary mus- 
cles. 


Patient 2 


A young man was operated on in 1972 for mixed 
mitral valve disease, and a Starr-Edwards pros- 
thesis was used to replace the diseased valve. 
The posterior subvalvular apparatus was fused 
to the ventricle, and a curved metal instrument 
was used to display the anatomy. At the termi- 
nation of bypass, torrential bleeding was seen 
coming from behind the heart. Bypass was re- 
started, the atrium was reopened, and the valve 
was excised. A tear in the posterior wall of the 
ventricle, which had obviously been made by 
the curved instrument at the time of valve re- 
placement, was repaired. The valve was re- 
placed again, and no additional problems en- 
sued. 


Patient 3 


In June, 1976, a 55-year-old woman was admit-, 
ted for mitral valve operation with underlying 
rheumatic mixed mitral disease. She had sus- 
tained a previous cerebral embolus and right 
hemiplegia. At operation it was found that the 
left atrium was small and that its entire interior 
and appendage were covered by a thick, lami- 
nated, organizing clot. The mitral valve was 
greatly stenosed and partially calcified. The atri- 
um was cleared of clot, and the valve was ex- 
cised and replaced with a Hancock porcine 
xenograft. The procedure was uneventful. The 
postoperative course was uncomplicated for the 
first eight hours. Then, sudden massive hemor- 
rhage was observed from the chest drains, and 
before the chest could be reopened, the patient 
had exsanguinated. At postmortem examina- 
tion, a rupture of the posterior left ventricular 
wall was found in the area of papillary muscle 
excision but unrelated to the annulus. 
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Patient 4 


In June, 1976, a 58-year-old woman was oper- 
ated on for mixed mitral valve disease. At opera- 
tion the valve was stenosed and calcified, but the 
annulus was free of calcium. Cold ischemic ar- 
rest was used while the valve was excised. The 
valve was replaced with a 3-M Starr-Edwards 
mitral prosthesis. As bypass was terminated, 
torrential bleeding from behind the heart was 
noticed, and a laceration was found posteriorly 
in the atrioventricular groove. Bypass was re- 
started, the ventricle was vented, and the lacera- 
tion was repaired with buttressed mattress su- 
tures. The electrocardiogram showed ischemic 
change, and it was determined that the cir- 
cumflex coronary artery had been occluded in 
the repair. A reversed autogenous saphenous 
vein aortocoronary bypass graft was then per- 
formed on the marginal branch of the circum- 
flex coronary artery. Bypass was discontinued, 
and the patient had an uneventful recovery. 


Comment 


The complication of rupture of the left ventricle 
during mitral valve replacement is rare. It was 
reported in 1967 [5], and since then reviews have 
appeared regularly in the literature [2, 4, 8, 10]. 
Although surgeons are aware of the complica- 
tion, it recurs sporadically and causes a high 
mortality when it does occur. Among the 24 
cases recorded in the literature, including the 4 
reported here, there have been 15 deaths. 

A review of left ventricular rupture shows that 
it may occur suddenly or develop slowly. In the 
acute situation hemorrhage either is im- 
mediately evident or occurs after a delay of some 
hours. There may be an obvious tear, which the 
surgeon can try to repair, or there can be diffuse 
hematoma formation and hemorrhage that is 
difficult to localize. The hematoma may track 
into the atrioventricular groove, thereby swell- 
ing the epicardial fat with blood and rupturing 
at multiple points. The circumflex coronary ar- 
tery and coronary sinus are buried in this 
hematoma and are at risk when repair is at- 
tempted. It is difficult to decide whether there is 
a tear or whether an annular stitch went through 
the coronarv artery causing itto bleed. A rupture 
that occurs after the damaged tissue has broken 


down and ruptured is usually fatal; even in the 
unlikely event that the chest can be reopened 
and the defect exposed, the tissues are friable, 
hemorrhagic, and extremely difficult to repair 
[10]. 

In chronic left ventricular rupture a false ven- 
tricular aneurysm forms at the site of damage 
during mitral valve repair, but does not rupture 
[3, 6, 7]. It may be seen at the site of an acute 
rupture that was recognized and repaired [6]. It 
has also been suggested that the aneurysm may 
be related to mobilization of the left ventricle 
from dense pericardial adhesions [7]. It is un- 
likely that this would occur, however, without 
concomitant intraventricular damage during ex- 
cision of the mitral valve. The false aneurysm 
forms in a matter of weeks after the initial dam- 
age to the ventricle but remains relatively con- 
tained because of postoperative pericardial 
adhesions. However, such an aneurysm tends to 
rupture [9], and, once the diagnosis has been 
made, it should be reoperated on at the first 
opportunity. False aneurysms appear within a 
few weeks postoperatively in association with 
chest pain, congestive cardiac failure, or shock. 
An apical pansystolic murmur radiating to the 
axilla may be heard due to blood jetting into the 
false aneurysm [5, 8]. A chest roentgenogram 
may show a bulge on the left ventricular border. 
Definitive diagnosis is made by left ventric- 
ulography. 

Based on the usual sites of rupture, two types 
of rupture are recognized [8]. In type 1, there is 
perforation of the atrioventricular junction in 
the posterior atrioventricular sulcus. Usually the 
left atrial myocardium is completely separated 
from the left ventricular wall [5] (Figure, A). 
However, several recognized etiological factors 
can contribute to rupture in this site. (1) A heav- 
ily calcified mitral annulus, if totally decalcified, 
may separate the atrium from the ventricle [8], 
with resultant hemorrhage (Figure, B, C). (2) In 
excising the mitral valve ina patient with a small 
left atrium, the exposure may be poor and a 
portion of the annulus may be inadvertently ex- 
cised. After the valve is replaced and cardiopul- 
monary bypass terminated, disruption of the 
atrioventricular sulcus will occur (Figure, D). (3) 
It is thought that tissue necrosis can occur 
around sutures that were placed too deep 
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(A) Anatomical cross-section of the mitral apparatus. (B) 
Cross-section showing calcification of the mitral ap- 
paratus. (C) Excision of the mitral valve and calcium, 
showing disruption of the mitral apparatus with sub- 
sequent hemorrhage. (D) Mitral valve replacement, with 
hemorrhage and disruption at the atrioventricular . 
groove. (E) Low papillary excision with tracking of blood 
through the ventricular wall and rupture. 


through friable myocardium [6]. (4) Excessive 
removal of a laminated clot on the atrial wall at 
the annulus is also liable to allow perforation, for 
often the layers of the atrial wall cannot be rec- 
ognized and there is excessive clearance. (5) 
Selection of an oversize valve, resulting ina tight 
fit in the annular ring, may stretch or tear the 
annulus [8]. (6) Reexcision of the annulus when 
removing a previously placed mitral prosthesis 
can easily cause perforation. We advise excising 
the valve between the sewing ring cushion and 
its metal frame and cleaning up the annulus after 
removal of the valve, leaving the firmly em- 
bedded prosthetic cloth behind to use for place- 
ment of sutures as if it were the annulus. (7) The 
use of acurved metal instrument to define poste- 
rior cordal attachments is inherently hazardous 


aore 


stan, 










RUPTURE 


and may cause perforation of the ventricle at its 
junction with the atrium, as in Patient 2. In pa- 
tients with extensive subvalvular disease with 
the valve and posterior papillary muscles incor- 
porated into the posterior ventricular wall, we 
would tend not to excise the papillary muscle 
and chordae tendineae and leave them attached 
to the ventricular wall. 

In type 2, the rupture occurs in the posterior 
midportion of the left ventricle—an area overly- 


ing the papillary muscles. There are two pro- 


posed causative factors for a type 2 rupture. (1) 
When the papillary muscles are overzealously 
excised, an area of ventricle is left through which 
the blood under systemic pressure can dissect 
into the wall and rupture through the ventricle 
(Figure, E). This is more likely to occur when the 
heart is ischemic and relaxed, with ice-cold 
saline facilitating traction of the valve and allow- 
ing the myocardium to be tented inward so that 
a transection made too deep will leave behind a 
thinned and weak segment of myocardium [2, 
5]. This situation is aggravated when it is neces- 
sary to work through a small atrial cavity, or 
when excessive traction is placed on the valve 
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and adhesions are still attached to the ventricle 
and atrium [8]. The same added force is con- 
ceivably produced when the valve is excised ina 
perfused, contracting heart, thereby generating 
tension in the papillary muscles. When exposure 
is inadequate, the blade of the scissors may lac- 
erate the ventricle posteriorly at excision of the 
papillary muscle. Rupture is also more liable to 
occur when there is underlying ischemic or 
rheumatic myocardial disease [8] and when a 
hypertensive state generates high intraventricu- 
lar pressures. (2) It was previously postulated 
but then discounted that the cage of the ball- 
valve prosthesis, especially if bulky and in a 
small ventricular cavity, may cause both me- 
chanical trauma to the ventricle and perforation 
[10]. In our Patient 3, we postulated that it was 
possible one of the prongs of the Hancock pros- 
thesis caused the perforation, but it was shown 
postmortem that the tear was not related to the 
prongs in any way. 

Treatment of the acute rupture is extremely 
difficult because it is often almost impossible to 
determine from the outside where the tear is 
situated, especially in type 1. In type 1 perfora- 
tions it seems advisableto remove the prosthesis 
and repair the defect from the inside [6]. In Pa- 
tient 2, when we repaired the defect from the 
outside, the circumflex coronary artery was 
compromised and a reversed autogenous 
saphenous vein aortocoronary bypass graft to 
the marginal branch of the circumflex coronary 
artery was required. If the defect is visible from 
the exterior, however, an attempt should proba- 
bly be made to repair it from the outside, as 
excising the valve will make an already difficult 
operation very lengthy. Also, thereis no guaran- 
tee that the circumflex coronary artery will not be 
occluded by internally placed deep mattress su- 
tures. The bypass should be restarted, the left 
ventricle vented, and the aorta cross-clamped to 
obviate working against a pressure-loaded ven- 
tricle in an area that is already friable. In type 2 
ruptures, an attempt should be made at direct 
repair of the defect with Teflon-buttressed mat- 
tress sutures. If this is not successful, a pre- 
viously described method of repairing the defect 
by suturing a large prosthetic patch over the 


entire area of laceration and hematoma may be 
used [1]. 

In conclusion, we advocate the following mea- 
sures in an attempt to avoid rupture of the left 
ventricle during mitral valve replacement: (1) 
avoid excessive traction on the valve during ex- 
cision; (2) transect the valve at the chordae- 
papillary muscle junction and do not transect the 
papillary muscle; (3) choose the smaller valve 
when there is doubt as to the size on measure- 
ment with the obturators; (4) avoid excessive 
annular decalcification; (5) excise a previously 
placed prosthesis between its sewing ring and 
its metal frame; and (6) leave a fused posterior 
subvalvular mechanism intact. 
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The Determinants of Survival 
Following Reoperation on Prosthetic Cardiac Valves 


Scott Stewart, M.D., and James A. DeWeese, M.D. 


ABSTRACT In an effort to identify the determi- 
nants of survival following reoperation on patients 
with prosthetic cardiac valves, the experience with a 
group of 33 patients at the University of Rochester 
Medical Center was reviewed. The survival rate was 
58% (19/33). Survival was not related to the valve 
involved, the age of the patient, or the technical 
hazards of a second cardiac operation. Ten (77%) of 
the 13 patients in New York Heart Association 
(NYHA) Functional Class II survived compared with 
8 (4096) of the 20 in Class III or IV. The survival rate 
for patients with a paravalvular fistula was 79% (11/ 
14); with valve dysfunction, 5096 (6/12); and with 
prosthetic valve infection, 29% (2/7). The determi- 
nants of survival seem to be similar to those for pri- 
mary operation (i.e.; NYHA patient classification 
and indication for operation) and less related to the 
potential operative complications of a reoperation. 


The hospital survival rate for primary heart 
valve replacement approaches 9596 in several 
recent series [1, 6]. That survival rate has not 
been equaled in patients who require a second 
operation on a prosthetic cardiac valve [5, 7, 8, 
12, 14]. The experience at the University of 
Rochester Medical Center with 33 patients who 
had reoperation following valve replacement is 
reported here. 


Materials and Methods 


The hospital chart, operative report, and office 
record of each patient who had a second opera- 
tion on a previously implanted prosthetic heart 
valve were reviewed. A total of 33 patients were 
identified who had undergone a second cardiac 
operation 12 days to 10 years after the primary 
procedure. Three patients had the initial opera- 
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tion at another hospital. A total of 799 patients 
underwent valve replacement in our unit dur- 
ing the period of this review, a reoperation rate 
of 3%. Each record was analyzed for the follow- 
ing factors: (1) patient age; (2) New York Heart 
Association (NYHA) Functional Classification 
or the clinical status; (3) valve involved; (4) date 
of reoperation; (5) indication for reoperation; 
and (6) outcome. The indications for reopera- 
tion were a paravalvular fistula (14 patients), 
valve infection (7 patients), or valve dysfunc- 
tion (12 patients) (Table). Thirteen patients had 
a previous aortic valve replacement (AVR), 14 
had a previous mitral valve replacement (MVR), 
and 6 had previous aortic and mitral valve re- 
placement. Three of the last group required a 
second operation on the aortic valve, 2 required 
a second operation on both valves, and 1 re- 
quired a second operation on both valves and 
tricuspid valve replacement. 


Results 


The overall survival rate was 5896 (19 patients). 
There was little difference between the survival 
rates of the 18 patients with AVR (10, or 5596) 
and the 15 with MVR (9, or 6096). Similarly, 
patient age did not affect survival. Eleven (5896) 
of the 19 patients who were more than 50 years 
old survived while 8 of the 14 (5796) who were 
less than 50 survived. The number of patients is 
too small to obtain a meaningful statistical 
analysis, but there are subsets of patients with 
very different survival rates. The 13 patients in 
NYHA Class II had a survival rate of 77% (10 
patients) while the 20 patients in Class III or IV 
had a survival rate of only 4096 (8 patients). The 
10 patients who had a second operation prior to 
1970 had a survival rate of 4096 while the 23 
patients who underwent a second procedure 
in 1970 or later had a survival rate of 6596 (4 and 
15 patients, respectively). If the patients with 
infected prostheses (all occurring after: 1970) are 
excluded, the survival rate after 1970 increases 
to 8196 (13 of 16 patients). The indication for 
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Indications for Reoperation on Prosthetic 
Cardiac Valves in 33 Patients 


Indication No. of 
for Reoperation Patients 
Paravalvular fistula? 14 
Aortic 8 
Mitral ` 6 
Valve dysfunction 12 
Aortic 7 
Starr-Edwards 5 
Bjórk-Shiley 
Cutter 1 
Mitral 5 
Starr-Edwards 2 
Cross-Jones 2 
Bjórk-Shiley 1 
Valve infection 7 
' Aortic 3 
Mitral 4 


"Includes patients having double-valve replacement. 


reoperation also affected the survival rate. Pa- 
tients with a paravalvular fistula had a survival 
rate of 7996 (11 of 14 patients); those with valve 
dysfunction, 5096 (6 of 12); and those with 
valve infection, 2996 (2 of 7). 

The 14 hospital deaths were analyzed in de- 
tail. Five occurred in the operating room. Only 
1 can be directly attributed to the technical 
problems associated with reoperation. This pa- 
tient incurred major venous bleeding during 
the course of the mediastinal dissection, was 
hypotensive, and required urgent cannulation 
and institution of cardiopulmonary bypass to 
sustain the circulation. Three patients had se- 
vere left ventricular dysfunction and could not 
be weaned from cardiopulmonary bypass. One 
patient died from an aortic dissection following 
femoral artery cannulation and perfusion for 
arterial inflow. The remaining 9 patients all 
died within 14 days of operation. Seven had 
progressive low cardiac output, usually had 
renal failure, and occasionally had sepsis as a 
terminal event. All except 1 were Class III or IV 
patients. One patient did well initially but then 
had gram-negative sepsis and died within 48 
hours. Another patient had progressive but 
slow cardiac improvement and required pro- 


longed ventilatory support. She died in acute 
respiratory distress as a result of either an 
Obstructed endotracheal tube or a malfunction- 
ing ventilator. 


Comment 


Only 1 death in this series of 33 patients could 
be directly attributed to the increased technical 
hazards associated with reoperation. The dis- 
section of the mediastinum in each instance 
was more difficult, but the heart was never se- 
verely injured in the process of redividing the 
sternum or making the preparations for cannu- 
lation. The innominate vein was lacerated occa- 
sionally and was either repaired or ligated 
without sequelae in the surviving patients. 
Postoperative bleeding was generally more of a 
problem than in primary operations. The inci- 
dence of reoperation for postoperative bleeding 
was 1296. The single death from a technical 
misadventure was the consequence of lacera- 
tion of the innominate vein and delayed control 
of the ensuing hemorrhage. Our data are simi- 
lar to those of Wishart and associates [14] and 
Mary and co-workers [8], who identified no 
deaths as a direct result of the technical hazards 
associated with reoperation in two similar se- 
ries of patients. This would suggest that a prior 
operation should not be a deterrent to a second 
cardiac operation in a patient for whom it is 
otherwise indicated. | 

The principal determinants of survival fol- 
lowing reoperation in the present series were 
the indication for reoperation and the clinical 
status of the patient. Patients who had a second 
procedure because of an infected prosthesis had 
a survival rate of only 29%. In fact, the general 
experience with reoperation because of infected 
prostheses has been dismal, the survival rate 
ranging between 33 and 7596 [9—11, 13]. In our 
series, patients without infection had a much 
better outcome and an overall survival rate of 
65%. If this group is subdivided into those pa- 
tients with a paravalvular fistula and those with 
mechanical valve dysfunction, two additional 
subsets are identified. Those patients with a 
paravalvular fistula had a survival rate of 7996 
whereas those with mechanical valve dysfunc- 
tion had a survival rate of 5096. 
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The preoperative classification of the patient 
was also a major determinant of survival. 
Seventy-seven percent of those in NYHA Class 
II survived while only 40% in Class III or IV 
survived. For those patients with a paravalvular 
fistula in Class II the survival rate was 10096 
while it was 6696 for those in Class III. Simi- 
larly, the survival rate was 8096 for those pa- 
tients with valve dysfunction in Class II while it 
was only 2596 for those in Class III or IV. These 
results are similar to the experience of others 
[2-4]. 

This series of patients provides some prog- 
nostic indicators for survival after reoperation 
on prosthetic valves. The determinants of sur- 
vival do not seem to differ greatly from those for 
primary operation. The preoperative clinical 
status of the patient is of prime importance. Pa- 
tients in Class II, particularly those with a 
paravalvular fistula, have a good survival rate. 
If the clinical status deteriorates to Class III or 
IV, then the survival rate drops off significantly 
and to a greater extent than what would be ex- 
pected for a primary operation. This may be a 
reflection of either further myocardial depres- 
sion secondary to the previous operation or 
progression of the primary disease. 

The presence of infection is the other princi- 
pal determinant of survival. The poor outcome 
of patients in this subset is not dissimiliar to 
that of patients undergoing primary operation 
on infected autologous valves. The results are 
less satisfactory with infected prostheses since 
the infection is often in the annulus. This 
makes both eradication of the infection and re- 
placement of the prosthesis difficult. 

Our data suggest that patients in Class II with 
a paravalvular fistula should be offered reopera- 
tion early if they demonstrate any tendency to 
further deterioration. Operation should not be 
deferred solely on the basis of the technical con- 


siderations involved since these have not con- 
tributed significantly to the operative mortality. 
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Clinical Trials with One 


Type of Lithium Pacemaker Generator 
W. G. Trapp, M.D., and C. A. Taunton, M.Sc. 


ABSTRACT Cardiac Pacemakers, Inc. (CPI) solid- 
state, lithium-powered pulse generators were im- 
planted in 100 patients by one surgeon in a 
twenty-eight-month period. Eleven CPI pacer 
generators were replaced, none due to pacer failure. 
Ninety-nine percent of the patients were followed 
for a total of 1,397.55 patient-months; 12 patients 
died, but no deaths appeared to be pacemaker re- 
lated. The average age of the patients at the time of 
implantation was 72.8 years. If the warranty period 
of six years is achieved, the number of pacemaker 
‘generator changes required by many of the patients 
in this group could foreseeably be zero. 


Artificial cardiac pacemaking, mediated through 
electrodes anchored to the myocardium, 
has been used since 1957. Since that time 
there have been many developments in pace- 
maker design with a view to increasing the life- 
span of the devices. Current conventionally pow- 
ered pacemakers have an expected life of four to 
six years [4]. However, the recent availability of 
a solid-state, lithium-powered pulse generator, 
manufactured by Cardiac Pacemakers, Inc. (CPI), 
has greatly increased the span and subsequently 
decreased the necessity of pacemaker generator 
replacement. These generators are covered by a 
six-year warranty and have an expected life of 
fourteen years.* 

This study collates the data from 100 consecu- 
tive patients with CPI lithium pacemaker im- 
plants performed by the same surgeon from 
November, 1973, to January, 1976. A total of 
1,397.55 patient-months (average, 12.71 months 
per pacemaker) are reported. 
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Materials, Methods, and Results 


A study was made of a series of 100 consecutive 
patients in whom 111 CPI lithium-powered 
pacemakers were implanted by one surgeon 
over a twenty-eight-month period. The average 
age of these patients was 72.77 years (range, 38 to 
92 years). There were 39 women and 61 men. 

The surgical technique did not change essen- 
tially during the study period. The first approach 
was placement of a bipolar electrode (CPI Model 
4210, surface area 12 mm’) from the lower end of 
the left external jugular vein to the right ventri- 
cle, the position of the right ventricle being es- 
tablished with the aid of an image intensifier. 
oatisfactory contact was determined by mea- 
surement of stimulation threshold and by the R 
wave presentation. | 

When the external jugular vein was too small, 
the electrode was inserted through a pursestring 
suture in the lateral wall of the lower end of the 
left internal jugular vein. The proximal end of 
the electrode was then passed under the clavicle 
with the aid of a 30F rubber catheter to a pocket 
centered over the anterior half of the left second 
rib and located on the anterior surface of the 
pectoralis major muscle. 

A Sam Hunter screw-in electrode (Medtronic 
Model 6917 sutureless myocardial pacing lead, 
surface area 12 mm’) was used if the stability of 
the electrode inside the right ventricle was in 
question. If the pectoral position for the 
generator had already been established, a small 
left thoracotomy through the anterior portion of 
the left fifth intercostal space was used. For pa- 
tients in whom the pectoral pocket had not been 
developed, the Sam Hunter electrodes were in- 
serted through the left subcostal incision and the 
generator was buried in the superficial fascia of 
the left epigastrium using the same incision. 

It has become increasingly apparent that satis- 
factory cardiac pacemaker operation depends on 
proper electrical assessment of the position of 
the lead electrodes in the right ventricle. Impor- 
tant to this assessment is the value of the 
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stimulating threshold voltage (which varies 
with the pulse width and the size of the electrode 
area) and also the presentation of the R wave to 
the pulse generator under “loaded” conditions. 
The “load” varies with the particular pacemaker 
used. For the purposes of these measurements, a 
variable width-, rate-, and voltage-measuring 
pulse generator (Paramedic Model 7600 R wave 
and threshold tester), complete with capability 
for transferring the loaded R wave to a calibrated 
pc monitoring oscilloscope for easy visualiza- 
tion, was designed by Mr. John Hay. This 
equipment can be easily used by operating room 
personnel and has eliminated doubt about elec- 
trical placement of the lead in the right ventricle. 

The 100 patients followed had a total of 111 
pacemaker implants. The cardiac rhythm dis- 
turbances requiring pacemaker implantations 
are presented in Figure 1. All pacemakers were 
CPI lithium units, some bipolar and some uni- 
polar (Figs 2, 3). Models 0301 and 0401 are 
Maxilith implantable cardiac pacemakers with a 
1.0 msec pulse. Model 0501 is a Minilith pace- 
maker with a 0.55 msec pulse. The 0301 and 0501 
units are unipolar demand, while the 0401 is a 
bipolar demand pacemaker. There were 36 
initial implants and 75 pacer generator replace- 
ments. Eighteen epicardial insertions were car- 
ried out. Eight of these patients had their elec- 
trodes changed from endocardial to epicardial 
due to loss of electrode contact. Ten addi- 
tional patients had had epicardial electrodes 
implanted prior to the time of insertion of the 
CPI pacemaker. 

There were 11 replacements of CTI pacer 
generators in 8 patients. Table 1 summarizes the 
reasons for the CPI pacemaker replacements. All 
11 pacer generators were replaced with another 
CPI pacemaker (9 were changed from bipolar to 
unipolar). Of the8 replaced for problems of elec- 
trode position, 6 were changed from bipolar to 
unipolar demand and the electrodes were 
changed from endocardial to epicardial. In the 
other 2 cases bipolar demand generators were 
replaced with other bipolar demand generators 
and the endocardial electrodes were also re- 
placed. 

Stimulating threshold voltages were mea- 
sured and recorded. Acceptable acute threshold 
measurements were below 1 v and acceptable 
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Rhythm Disturbance 


Fig 1. Rhythm disturbances in 100 patients requiring 
pacemakers. (3° = third-degree heart block; IB = inter- 
mittent block; BBB = bundle-branch block; SSS = sick 
sinus syndrome; C = congenital atrioventricular block.) 
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Fig 2. Type of pacemaker implanted in 111 operations. 
(401 BD = CPI bipolar demand Model 0401; 301 UD = 
CPI unipolar demand Model 0301; 501 UD = CPI unipo- 
lar demand Model 0501.) 
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Fig 3. Type of electrodes implanted in 111 operations. 
(Endo = endocardial; Epi = epicardial; U = unipolar; 
B = bipolar; SH = Sam Hunter.) 


chronic threshold measurements below 3 v ata 
selected pulse width for the pacemaker being 
implanted. R wave sensitivities were acceptable 
at 4 mv. The mean pacemaker rate for 96 of the 
generators was 72.5 beats per minute (range, 68 
to 78 beats per minute). 

Ninety-nine percent of the patients were fol- 
lowed. Table 2 shows the current status of these 
patients. There were 12 deaths, none of which 
appeared to be pacemaker related. Five patients 
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Table 1. Implants and Removals or Replacements 


Procedure No. Performed 
Initial implantation 36 
Generator replacement 

Failing generator 64 

Loss of electrode contact? 8 

Infection and erosion? 

Pain?” 1 


"Replacements of CPI generators. 
"Intractable pain in pacemaker bed ina patient with terminal 
cholangiocarcinoma of the head of the pancreas. 


Table 2. Current Status of Patients 


Status No. of Patients 


«e No pacemaker-related problems 87 


Died—not pacemaker related 12 
Died—pacemaker related 0 
Unknown 1 


died as a result of congestive heart failure, the 
others from postoperative aortic valve leak and 
renal failure, cerebrovascular accident, pulmo- 
nary embolism, terminal cancer, bronchopneu- 
monia, and cerebral edema with pulmonary 
congestion and calcific aortic stenosis. The aver- 
age age of the patients who died was 72.9 years. 


Comment 
A review of pacemaker longevity [1] revealed 
that a wide variety of energy sources have been 
used to power implanted cardiac pacemakers 
since their inception fifteen years ago. Design 
changes have produced a lithium-powered 
pacer that has the advantage of being hermeti- 
cally sealed. One such pacemaker is that pro- 
duced by CPI. 

Longevity is not the only reason for design 


change in pacemakers, however. Furman [1] re- 


ported that from January, 1973, to December, 
1974, 3796 of all pacemaker removals were for 
defects in the pacer other than battery failure. 
A similar report came from Parsonnet [3], who 
stated that 30% or more of pacemaker opera- 
tions are for problems other than battery fail- 
ure. The present study using CPI lithium- 
powered pacemakers showed no pacemaker 
failures, but 1096 of the patients had pacemaker 
replacements (see Table 1). 

Furman [1] reported a mortality of less than 
1% within thirty days of implantation, while 
Mond and Sloman's [2] mortality rate was 2% for 
the same period. Conversely, Mond and Sloman 
showed a lower one-year mortality rate of 696 
compared to Furman's 1496. The results of our 
study agree with Mond and Sloman's thirty-day 
mortality rate at 296 but fall between the 6 and 
1496 one-year mortality rates at 1096. None of 
the deaths in our series appeared to be pace- 
maker related. 

. The CPI pacemaker generators are warranted 
for six years and have an expected lifespan of 
around fourteen years. If this expectancy is 
achieved in a patient population of 72.8 years 
(average) and complications other than battery 
failure àre kept at the low rate seen in this study, 
many of these patients will require only one 
insertion. This will effect a substantial change in 
the entire pacemaker program with regard to 
patients, surgeons, and cost factors. 
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CASE REPORT 


True Aneury 


sm of the Main 


Pulmonary Artery: Surgical Correction 


Jose M. Caralps, M.D., Jose O. Bonnin, M.D., Ramon Oter, M.D., 


and Alejandro Aris, M.D. 


ABSTRACT A 23-year-old man who underwent 
surgical correction of a true pulmonary artery 
aneurysm is presented. Pathological features and the 
different surgical alternatives for treatment of this 
lesion are discussed. 


True aneurysms of the pulmonary artery are un- 
common lesions usually associated with congen- 
ital cardiac defects that cause increased pulmo- 
nary blood flow and pulmonary hypertension [6, 
8, 11]. They are to be differentiated from 
aneurysms arising as a result of surgical inter- 
vention on the pulmonary tree (patent ductus 
ligation, pulmonary-systemic shunts) and from 
so-called idiopathic dilatations of the pulmo- 
nary artery [7]. In true aneurysms, dilatation 
tends to be confined to the main trunk of the 
artery and degenerative changes in the wall are 
found. 

In this article we report a patient with a patent 
ductus arteriosus (PDA), pulmonary hyperten- 
sion, and an aneurysm of the main pulmonary 
artery with cystic medial necrosis, treated surgi- 
cally. 


A 23-year-old man was admitted to our hospi- 
tal because of increased fatigability, shortness of 
breath, and tachycardia. Known to have a car- 
diac lesion since childhood, he had led a normal, 
active life up to two months prior to admission 
when he suddenly developed a sharp pain in the 
epigastrium, palpitations, and air hunger while 
playing soccer. 

On admission the liver was palpable four 
fingerbreadths below the costal margin; auscul- 
tation revealed irregular cardiac rhythm and a 
grade 4/6 pandiastolic murmur best heard at the 
mesocardium. A chest roentgenogram showed 
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Fig 1. Chest roentgenogram showing cardiomegaly and 
an enlarged pulmonary artery. 


cardiomegaly and a huge pulmonary artery 
segment (Fig 1). An electrocardiogram showed 
atrial fibrillation and diastolic overload of the 
left ventricle. 

After the patient was treated medically, with 
improvement, cardiac catheterization was per- 
formed which showed an increase in oxygen 
saturation at the level of the right ventricular 
outflow tract and pulmonary hypertension of 
60/30 mm Hg. An aortic root injection visualized 
a large aneurysm of the main pulmonary artery 
with retrograde filling. After the diagnosis of 
PDA with pulmonary artery aneurysm was 
made (Fig 2A), the patient was operated upon. 

Through a median sternotomy, the pericar- 
dium was opened. A pulmonary artery aneu- 
rysm 12 cm wide was found. A thrill was 
palpable at the level of the pulmonary valve. 
Normothermic cardiopulmonary bypass was in- 
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Fig 2. (A) Large pulmonary artery aneurysm confined to 
the main trunk, and patent ductus arteriosus. (B) Exter- 

nal ligation of the ductus and internal closure with con- 

tinuous suture. (C) The completed repair. 


stituted and, to control the source of the left-to- 
right shunt, dissection was carried out at the 
superior margin of the aneurysm, where a short 
but wide PDA was found. 

After it was ligated with heavy silk, the 
aneurysm collapsed. It was then opened, and the 
pulmonary end of the ductus was oversewn with 
a continuous suture (Fig 2B). A large portion of 
the aneurysm from the pulmonary valve to the 
bifurcation was excised, and artery reconstruc- 
tion was accomplished by suturing together the 
two free edges of the aneurysm in a continuous 
double layer (Fig 2C). 


The patient had no difficulty coming off 
bypass. His hospital course was uneventful, and 
he was discharged on the eighth postoperative 
day. Microscopical examination of the specimen 
revealed cystic medial necrosis. The patient has 
been leading a normal life since operation. He 
was catheterized six months after the operation 
and showed a decrease in pulmonary artery 
pressure and improved right ventricular hemo- 
dynamics. 


Comment 


A review of the literature reveals clinico- 
pathological features of true pulmonary artery 
aneurysm similar to those in our patient. 
As pointed out by Garcia-Rinaldi and Howell 
[6], who recently described a case similar to 
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ours, cystic medial necrosis and pulmonary 
hypertension are common findings in the ab- 
sence of a clear mycotic, traumatic, or syphilitic 
origin [2, 5]. 

The fact that only a very small percentage of 
patients with pulmonary hypertension go on to 
develop a pulmonary artery aneurysm impli- 
cates a congenital defect in the artery wall as the 
cause of the lesion [1, 13]. Cystic medial necro- 
sis, associated with a congenital lesion causing 
pulmonary hypertension, at this time seems to 
be the leading cause of true pulmonary artery 
aneurysm and, even in the absence of other 
stigmata of Marfan’s syndrome, could be con- 
sidered a forme fruste of it. 

Once the diagnosis is made, surgical treat- 
ment is mandatory because of the fatal outcome 
if the aneurysm is left untreated. Rupture into 
the pleural or pericardial cavity [3, 4, 9, 10], 
sometimes with a previous dissection [12], are 
common events and occur in the aorta in the 
presence of a similar pathological situation. 

At operation, treatment for the pulmonary ar- 
tery aneurysm can be either excision and re- 
placement with a Dacron graft [14] or simple 
aneurysmorrhaphy. In the pulmonary artery, 
once the cause of the hypertension is eliminated 
by correcting the accompanying congenital de- 
fect, aneurysmorrhaphy should be the proce- 
dure of choice with no fear of aneurysm recur- 
rence, as has already been proved [6]. 
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HOW TO DO IT 


Aortopulmonary Window: A New Operative Approach 


L. Johansson, M.D., M. Michaelsson, M.D., 


and Torkel Aberg, M.D. 


ABSTRACT Anew method for surgical closure of an 
aortopulmonary window is presented. 


An aortopulmonary window is a rare lesion [5]. 
Several operative methods have been described 
for its repair. The technique presented here re- 
quires only one incision in the front wall of the 
communication. Through this incision a patch is 
sutured to the back wall of the defect. When the 
suture line reaches the level of the incision, it is 
continued as a closing suture with the patch 
‘being incorporated in the suture line. Thus the 
patch is sutured and the incision closed at the 
same time. 


Illustrative Case 


A 2¥2-year-old boy had been diagnosed during 
his first week of life as having a heart lesion. No 
heart catheterization was performed at that 
time. The patient was judged on clinical grounds 
to have a large ventricular septal defect with 
pulmonary hypertension and a large shunt. He 
was treated with digitalis, diuretics, and antibi- 
otics with some improvement. Over the next 
year he had recurrent respiratory infections and 
was frequently treated in the hospital. At 11/2 
years of age his mother noticed cyanosis during 
exercise and when he became excited. 

At 21/2 years he was brought in for catheteriza- 
tion. There were systemic pressures on the right 
side, and a large shunt at the pulmonary arterial 
level was demonstrated. In spite of thorough 
probing, the catheter did not pass through any 


defect. An angiocardiogram with injection: 


into the right ventricle was performed. No 
communication was observed. A diagnosis of a 
shunt, predominantly left-to-right, at the pul- 
monary arterial level was made. The patient's 
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condition precluded any more extensive stud- 
ies, and it was decided to explore his ductus 
area with the differential diagnoses in mind of 
aortopulmonary window and possibly truncus 
arteriosus. A preoperative chest roentgenogram 
is shown in Figure 1A. 

The operation was performed in September, 
1967. A left thoracotomy was made, and the duc- 
tus was found not to be patent. The pericardium 
was opened, and a large aortopulmonary win- 
dow with a circumference approximately twice 
that of the aorta was seen. The pulmonary artery 
was huge. An attempt was made to dissect the 
large vessels so as to obliterate the defect by a 
closed method. It was possible to pass tapes 
around the aorta proximal and distal to the win- 
dow and around the pulmonary artery proximal 
to the window. The right pulmonary artery, 
however, took off at an unsuitable angle, and 
dissection around it was judged unsafe. We 
therefore elected to use an open method. The 
sternum was transected and the incision carried 
across to the right side. Drainage to the heart- 
lung machine was accomplished by a single 
cannula in the right atrium. The patient was 
cooled to 30°C. The aorta was cross-clamped dis- 
tal to the window and the pulmonary artery 
proximal to the window. A sump drain was in- 
troduced into the left atrium. An incision was 
then made into the window itself, transecting it 
halfway. A patch was sutured into the window 
starting at the posterior wall. When the suture 
reached the edge of the incision, the patch was 
incorporated into the closure of the incision (Fig 
2). Following several attempts at discontinuing 
bypass, the patient was finally able to maintain 
an adequate blood pressure with an iso- 
proterenol drip. Pressures in the aorta and pul- 
monary artery were equal. 

The postoperative period was very difficult. A 
tracheostomy had to be made and artificial res- 
piration used for several weeks. In conjunction 
with insertion of a catheter for central venous 
pressure monitoring two weeks postopera- 
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Fig 1. Chest roentgenograms (A) before and (B) nine 
years after the operation. 
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Fig 2. Operative approach to the aortopulmonary win- 
dow. (A) With the patient on bypass, the aorta is cross- 
clamped distal to the window and the pulmonary artery 
proximal to the window (not shown). An incision is made 
into the window itself (here wrongly depicted as having 
intrinsic length). (B) A patch is sutured to the back wall 
of the window. (C) When the back wall is ready, a clos- 
ing suture that incorporates the patch is begun (D). 
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Fig 3. Various operative methods described for closure of 
an aortopulmonary window: (A) Gross, 1952 [6]; 

(B) Scott and Sabiston, 1953 [9]; (C) Morrow et al, 
1962 [7]; (D) Bosher and McCue, 1962 [1]; (E) Putnam 
and Gross, 1966 [8]; (F) Wright et al, 1968 [11 ]. 


tively, a right ventricular systolic pressure of 40 
cm HO was noted. After the patient had been 
weaned off the respirator, it was evident that 
tracheal stenosis had developed. The tracheos- 
tomy tube had to be left in for one year. 

The boy has subsequently developed very 
satisfactorily. At investigation nine years after 
operation there was no parasternal heave, a 
short early systolic murmur over the third and 
fourth intercostal spaces, no diastolic murmur, 
and a second sound normal in intensity. Figure 
1B shows the chest roentgenogram obtained 
nine years postoperatively. 


Comment 

The operative method for aortopulmonary win- 
dow has varied over the years. Gross [6], who 
repaired the defect in 1952, employed simple 





ligation (Fig 3A). He himself, however, crit- 
icized the method when he wrote that simple 
ligation “would almost certainly not meet with 
uniform success." 

Scott and Sabiston [9] described the method of 
division and suture in 1953 (Fig 3B). Several 
methods were tried on artificially created aor- 
topulmonary windows in dogs. These authors 
had some success with simple division and su- 
ture and also used that method clinically. 
Shumway and Lewis [10] used hypothermia and 
a transarterial approach in experimental aor- 
topulmonary windows with rather good results. 

Cooley and co-workers [3] described two 
methods, one using hypothermia with division 
and suture, the other cardiopulmonary bypass 
with division and suture. They recommended 
the latter. Since that time most of the reported 
patients with aortopulmonary window have 
been operated on with the aid of extracorporeal 
circulation. 

Morrow and co-workers [7] used extracor- 
poreal circulation with suture of the aortic end of 
the communication behind the clamp, the pul- 
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monary artery being sutured open without a 
clamp (Fig 3C). They commented that an aor- 
topulmonary window has no intrinsic length 
and that tissue for suturing has to be borrowed 
from the vessels themselves. Bosher and McCue 
[1] used extracorporeal circulation and, after di- 
viding the communication, sutured both ends 
without the use of clamps (Fig 3D). 

Putnam and Gross [8] reviewed their 7 cases in 
1966. They had used a number of methods over 
the years but recommended extracorporeal cir- 
culation and suggested an approach through the 
opened pulmonary artery with the defect being 
closed directly (Fig 3E). Wright and associates 
[11] described 1 patient in whom they used 
extracorporeal circulation and a transaortic ap- 
proach to the defect with direct suture (Fig 3F). 
Deverall and colleagues [4] used patch closure 
clinically in 1969. They described 9 cases. They 
approached the defect by way of the pulmonary 
artery as suggested by Gross [6], but were not 
satisfied with the exposure and later used a 
transaortic approach. They too commented on 
the fact that the communication is without 
length, and that if two suture lines are made, 
encroachment on the lumen of one or two of the 
great vessels may occur. The use of a patch ob- 
viates this risk and is extremely important when 
operating in infants. 

Since then, transaortic patch closure seems to 
have been the method of choice. Clarke and 
Richardson [2] described 7 patients, 5 of whom 
had the transaortic approach with patch clo- 
sure. Three of these patients were 7 months old 
or younger. 

The approach to the aortopulmonary window 
used in the present patient was through the an- 
terior wall of the communication itself. An addi- 
tional incision was thus avoided. This has 


advantages. The operation is more quickly 
performed. The anterior surface of the com- 
munication lies in the middle of the operative 
field, with good exposure, and narrowing of the 
vessels is avoided by making the incision into 
the communication itself. 
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Retrograde Esophageal 


Dilation in Children without the String 


Suhayl S. Saleh, M.D. 


ABSTRACT A new retrograde 
esophageal dilation is presented, which does away 
with the indwelling string. The method utilizes a 
Teflon-coated arterial guide wire, which is passed 
through the gastrostomy and, under fluoroscopy, is 
directed up the esophagus and out the mouth. The 
wire is followed by the string and dilators. This 
method avoids both embarrassment caused by the 
string and occurrence of the usual complications. 


technique for 


Children with severe esophageal stricture usu- 
ally must have repeated retrograde dilations per- 
formed through a gastrostomy using Tucker di- 
lators. This is done because retrograde dilation 
is a much safer technique than antegrade dila- 
tion [2]. The procedure requires the presence of 
an indwelling string tied in a circle that enters 
the nose, goes down the esophagus, and exits 
from the gastrostomy. The string may induce 
lacerations of the nose, nasopharynx, or gastros- 
tomy site, causing patient discomfort. In addi- 
tion, parents invariably complain that it is un- 
sightly and embarrassing to them. In 1976, 
Canty [1] advocated replacing the string with 
Silastic tubing to avoid laceration and excoria- 
tion at the sites of exit of the string. This, how- 
ever, does not eliminate patient discomfort and 


parent embarrassment. 
In a few patients with esophageal stricture 


who required dilations, I substituted a guide 
wire for the string. This arterial guide wire is 
introduced through the gastrostomy and, under 
fluoroscopic control, is guided up the esophagus 
and out the mouth. It is followed by the string 
and dilators. 


Technique 

The dilations are usually performed on an outpa- 
tient basis in the operating room with the pa- 
tient under light sedation. The Malecot catheter 
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is removed, and a 1.15 mm Teflon-coated guide 
wire with the flexible tip inserted first is intro- 
duced through the gastrostomy. Under fluoro- 
scopic control, the wire is guided across the gas- 
troesophageal junction and in a rotary motion is 
manipulated past the stricture. Further manipu- 
lation of the guide wire invariably brings it out 
the mouth. Should it enter the nasopharynx, itis 
easily extracted using a laryngoscope and McGill 
forceps. A heavy silk string is tied to the distal 
end of the guide wire and is brought out of the 
mouth by pulling on the guide wire. Tucker 
dilators are then tied to the string and intro- 
duced successively through the gastrostomy and 
up the esophagus until the required dilation is 
achieved. Atthe termination of the procedure no 
string is left, and a Malecot catheter is intro- 
duced into the gastrostomy stoma. 


Comment 


The main reason for adopting this technique 
was to answer the repeated complaints of par- 
ents about the unsightly appearance of the string 
and the embarrassment it caused them when- 
ever they went out with their child. Another 
important factor was the patient's comfort since 
with the wire there is no irritation or injury to 
the nose, nasopharynx, or gastrostomy stoma. 
Fluoroscopy usually takes less than a minute, 
and after the first few times it generally lasts not 
more than thirty seconds. The Teflon guide wire 
passes through the most severe strictures with 
relative ease. The risk of perforation seems to be 
negligible if the flexible tip of the guide wire is 
inserted first. No complications or failures have 
been encountered in more than 50 dilations. 
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Retrieval of an Embolized Polyethylene Catheter: 
A New Use for the Schultze Endomyocardial Bioptome 


Jack G. Copeland, M.D., Neal W. Salomon, M.D., and David J. Sahn, M.D. 


ABSTRACT The Schultze endomyocardial biop- 
tome was used to retrieve an embolized portion of 
plastic catheter from the right ventricle of a 
5-month-old child. The retrieval was accomplished 
using fluoroscopy and took no more than two min- 
utes after placement of the bioptome in the right 
internal jugular vein. 


The unusual iatrogenic problem of catheter em- 
bolism into the right ventricle may lead to dis- 
astrous results from infection and endocarditis 
[7]. It is therefore extremely important to re- 
move such a foreign body as promptly as possi- 
ble after the embolic episode. Previous tech- 
niques for removal of catheters from the right 
ventricle have included transvenous snares and 
hooks [1, 3, 5], endoscopic forceps [6], the 
Kono-Sakakibara myocardial bioptome [4], and 
open surgical removal. 


The Schultze endomyocardial bioptome,* 
which has become a keystone in the diagnosis 
of cardiac allograft rejection [2] and has been 
used without significant morbidity in more 
than 700 endomyocardial biopsies,t has now 
been used for the retrieval of a plastic catheter 
that became detached and migrated into the 
right ventricle. 


Case Report 


A 5-month-old child was being treated with 
intravenous therapy for dehydration from 
diarrhea. A portion of the left subclavian central 
venous catheter embolized into the right ven- 
tricle at the time of attempted removal of that 
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Schultze endomyocardial bioptome passed through the 
right internal jugular vein under fluoroscopic control 
into the right ventricle for the retrieval of an embolized 
polyethylene catheter. 


catheter. Within four hours the patient was 
brought to our attention. A 7F Schultze en- 
domyocardial bioptome was passed into the 
right internal jugular vein through a cutdown 
and venotomy (Figure). Within two minutes, 
the 13 cm piece of polyethylene tubing was re- 
moved by grasping it with the biting end of the 
endomyocardial bioptome. The child suffered 
no sequelae from the embolic episode. 


Comment 


The Schultze endomyocardial bioptome is used 
for the routine procurement of 1 mm portions of 
right ventricular endomyocardium in diagnos- 
ing cardiac rejection. It has also been used to 
obtain biopsy specimens of right ventricular 
endomyocardium in the diagnosis of car- 


569 0003-4975/78/0025-0616$1.00 © 1978 by Jack G. Copeland 


570 The Annals of Thoracic Surgery Vol 25 No 6 June 1978 


diomyopathies. In adults it is passed into the 
right internal jugular vein, using the Seldinger 
technique of percutaneous passage through a 
catheter sheath. Under fluoroscopic control the 
biting forceps of the bioptome are positioned in 
the right ventricle and a small portion of the 
ventricular septum near the right ventricular 
apex is taken for biopsy. The instrument per- 
mits excellent manual control, and, as a result, a 
large number of biopsy specimens have been 
taken without morbidity. The instrument ap- 
pears ideal for the extraction of embolized 
catheters because it can be easily passed from 
the right internal jugular vein into the right 
ventricle. Also, the hand control of the biting 
portion of the instrument is exquisitely sensi- 
tive and is associated with an instantaneous re- 
sponse. Such ease in grasping a foreign body in 
the right ventricle would not be anticipated 
when using a snare because the difficulty of 
encircling the catheter or foreign body could be 
a major problem. 

The Schultze bioptome seems to be superior 
to the type of endomyocardial biopsy instru- 
ment that resembles an endobronchial biop- 
tome lacking both the ratchet closure and 
handle leverage for maneuvering found in 
the Schultze tool. The rapidity with which 
the foreign body in our patient was removed 
testifies to the maneuverability and control 
possible with the Schultze endomyocardial 
bioptome. Ready access can be obtained by 


percutaneous entrance into the internal jug- 
ular vein in adults and by right internal jugular 
vein cutdown in small children. The proximity 
of this entrance site to the right ventricle, com- 
pared with other possible entrance sites such as 
the brachial or femoral vein, contributes to the 
usefulness of this tool. Putting a gentle bend on 
the distal 6 cm of the catheter, to direct the tip of 
the instrument away from its shaft by approxi- 
mately 30 degrees, facilitates the ease with 
which the Schultze endomyocardial bioptome 
can be maneuvered in the right atrium and ven- 
tricle. 
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CURRENT REVIEW 


Current Status of Pacemaker Power Sources 
G. Frank O. Tyers, M.D., and Robert R. Brownlee, M.S.E.E. 


ABSTRACT 
very similar design and capabilities were provided 


After years during which pacers of 


by a small number of manufacturers, many different 
lithium, halogen, rechargeable, and nuclear power 
sources are now available. The variety of chemis- 
tries, methods of construction, and sealing tech- 
niques used in the batteries of the different man- 
ufacturers is almost unlimited. This has made it 
necessary for physicians who implant and follow 
pacers to acquire a general knowledge of the field if 
they are to make an informed choice of pacemaker 
power source for implantation and if they are to 
manage recalls with a minimum of patient and physi- 
cian trauma. More experience is required before it 
can be definitely determined which of the new pacer 
power sources will prove superior, but when 
coupled with well-designed, hermetically sealed 
pulse generators, all are capable of providing con- 
tinuous pacing for at least 5 years and the 10-year 
pacemaker is now a probability. 


The first totally implantable cardiac pacemaker, 
a rechargeable device powered by nickel cad- 
mium cells, was developed and used clinically 
by Senning in 1958, but even with recharging, 
the functional life was measured in months 
[60]. From 1960 to 1969, essentially all implant- 
able pacemakers were powered by multiple 
Mallory RM-1 zinc-mercuric oxide cells in 
nonhermetic epoxy enclosures with only minor 
functional differences observed between the 
units of different manufacturers [39]. The aver- 
age 2-year life of these pacers necessitated fre- 
quent operations for replacement and stimu- 
lated the search for improved pacemaker power 
sources. The importance of these initial con- 
tributions should, however, not be under- 
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valued. One patient who received a recharge- 
able unit is still alive after multiple primary 
pacer changes, and several hundred thousand 
individuals have been returned to a productive 
and essentially normal life by permanent car- 
diac pacing [19]. 

Three general classes of pacemaker power 
sources have been developed. These are exter- 
nal, mixed, and internal. Only the internal or 
totally implantable devices are commonly used 
at present. Therefore, external and mixed pac- 
ing are considered only briefly. 


External Ventricular Pacing 


The modern era of artificial electrical cardiac 
stimulation began in the early 1950s with the 
outstanding work of Zoll and associates [60]. 
Using a 60-cycle alternating-current-powered 
Grass stimulator and electrode plates held 
firmly to the chest wall by an encircling rubber 
strap, they resuscitated the hearts of terminal 
patients with complete heart block and re- 
peated asystole and confirmed the one-to-one 
relationship of the electrical stimulus and 
the patient's pulse. Although strong electrical 
stimuli were applied (on occasion to sub- 
cutaneous needles), patients were able to eat, 
sleep, and continue some activities in spite 
of the limitations imposed by the external 
stimulator and connecting wires [60]. With 
adequate monitoring and grounding, this sys- 
tem was and remains both simple and useful for 
emergency resuscitation of cardiac standstill 
but has no applicability to even temporarily ex- 
tended pacing. The great advantage of an exter- 
nal system is the ease with which any malfunc- 
tioning component can be replaced or repaired. 


Mixed Ventricular and Atrial Pacing 


Like external pacing, the mixed system has an 
external and easily replaceable power source, 
but the electrical stimulus is delivered directly 
to the heart by a conductive element usually 
called an electrode [60]. Both temporary and 
permanent mixed systems are currently used, 
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and while applicable to both atrial and ventricu- 
lar pacing, the former is rarely used. 


Temporary Mixed Pacing Systems 


External rechargeable or primary battery- 
powered stimulators, calibrated for rate, cur- 
rent or voltage, and occasionally duration, are 
available from many pacemaker manufacturers 
and may be used relatively safely with per- 
cutaneous electrodes that pass transvenously 
to the apex of the right ventricle or directly 
through the chest wall into the myocardium. 
Temporary mixed transvenous electrode pacing 
is often used to support patients with complete 
heart block prior to insertion of a permanent 
pacer and patients with postmyocardial infarc- 
_tion heart block who usually revert to sinus 
rhythm if they survive. Mixed transthoracic 
systems are most commonly used for postopera- 
tive control of arrhythmia with temporary elec- 
trodes sutured to the heart at the time of cardiac 
operation. They are also used occasionally for 
emergency applications similar to those dis- 
cussed for the external systems; special elec- 
trodes are placed blindly into the area of the 
cardiac apex through a needle. With all of the 
percutaneous systems, the external stimulator 
must be kept dry and all connections must be 
carefully insulated if ventricular fibrillation is to 
be avoided [60]. 


Permanent Mixed Pacing Systems 


Inductive transmission of radiofrequency en- 
ergy is not greatly attenuated by biological 
tissue, permitting the development of perma- 
nent pacing systems that combine an external 
transmitter and power source (for example, 
standard D flashlight battery) with a totally im- 
planted receiving or secondary coil connected 
to the heart by a conductive element. Some 100 
patients have been chronically paced with in- 
ductively coupled energy [60, 69], more than 50 
of them for a period exceeding 5 years without a 
secondary surgical procedure and a few for 
more than 10 years without reoperation. In 
spite of this rather remarkable record, the prob- 
lems associated with maintaining close prox- 
imity between the implanted coil and the exter- 
nal power source have precluded widespread 
acceptance of this type of pacer. With current 


technology, however, units that do not require 
tight coupling to the external power source are 
feasible. 


Internal Atrial and Ventricular Pacing 


Pacemaker is now used as a generic term for a 
totally implantable system capable of chronic 
electrical stimulation of the heart. Currently, 
more than 100,000 patients with a wide variety 
of arrhythmias receive permanent internal pac- 
ing systems yearly [19]. Electrodes connecting 
the subcutaneous pulsed power source to the 
heart (atrium or ventricle) may be placed di- 
rectly into the myocardium or indirectly against 
the endocardium through a peripheral vein, 
preferably the cephalic vein. 


Chemical Batteries 


DEFINITIONS. To facilitate understanding of 
the variety of chemical cells now used in 
implantable cardiac pacemakers, several defi- 
nitions must be considered. Cell and battery are 
often employed more or less interchangeably in 
the medical literature. A power cell is composed 
of an anode (e.g., zinc, lithium, or cadmium), a 
cathode (e.g., mercuric oxide, iodine polymer, 
or nickel oxide), and an electrolyte (e.g., potas- 
sium hydroxide or lithium iodide) and pro- 
duces electricity as a result of a chemical reac- 
tion or a combination of reactions. Cells are 
generally named for the materials used in the 
anode and cathode, and in this review, the anode 
is always listed first. Cells are referred to as wet, 
dry, or solid state depending on the nature of 
the electrolyte, the chemical substance that 
conducts ions and electrons between the anode 
and the cathode within the cell. A wet cell has a 
large quantity of fluid electrolyte between the 
anode and the cathode (e.g., an automobile 
lead-acid battery). A dry cell has a pastelike, 
nonspillable, conductive electrolyte (e.g., the 
Mallory zinc-mercuric oxide pacemaker cell 
and the ARCO, SAFT, and Cordis lithium 
cells). In contrast, a solid-state cell has an abso- 
lutely dry and solid conductive crystalline elec- 
trolyte (e.g., lithium iodide or rubidium silver 
iodide) between the anode and the cathode 
[21]. Examples are the Catalyst Research, Wil- 
son Greatbatch, and Mallory lithium cells cur- 
rently used in pacemakers. 
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To produce an electrical current the anode of 
a cell ionizes, resulting in the migration of 
positively charged metallic ions through the 
electrolyte toward the cathode. Electrons are left 
behind on the anode, which becomes nega- 
tively charged relative to the cathode. When the 
anode and cathode are connected by a conduc- 
tive pathway, an electric current (flow of elec- 
trons) passes from the anode to the cathode. If 
the resistance in the conductor is relatively 
high, as in a pacemaker circuit, the flow of elec- 
trons will be slow and the chemical energy in 
the cell will last for a relatively long period of 
time. If the resistance of the conductor is low, 
as in a wet and short-circuited nonhermetic 
(epoxy) pacemaker, the chemical energy of the 
cell will be exhausted in a comparatively short 
period [8]. If the cell is primary, it must be dis- 
carded once the chemical energy has been 
exhausted and the voltage between anodal and 
cathodal terminals has dropped too low to run 
the circuitry. If the cell is secondary or re- 
chargeable, application of an electrical current 
across its terminals will reverse the chemical 
reactions of discharge and restore its chemical 
energy. 

A battery is a group of connected cells, either 
in parallel (anode to anode, cathode to cathode) 
to increase capacity or in series (anode to 
cathode) to multiply the single-cell voltage by 
the number of cells in the battery. For the first 
10 years following the introduction of internal 
pacers, the battery was usually 4 to 6 Mallory 
RM-1 zinc-mercuric oxide cells connected in 
series or in a series and parallel combination. 

When a voltmeter is placed in the circuit be- 
tween the anode and the cathode of a cell, the 
voltage measured is a function of the chemical 
reactions occurring within the cell. For exam- 
ple, the beginning-of-life voltage for a zinc- 
mercury cell is 1.35 volts compared with 2.8 
volts for a lithium-polymer iodine cell (Catalyst 
Research, Wilson Greatbatch) and 3.1 volts for 
a lithium-silver chromate cell (SAFT). The 
ampere-hour rating of a cell is a function of its 
size. Thus, for any given anode, cathode, and 
electrolyte chemical combination, doubling the 
cell size approximately doubles the ampere- 
hour rating. The standard Mallory RM-1 Group 
II zinc-mercuric oxide cell is rated at 1 am- 


pere-hour; that is, prior to exhaustion of its 
chemical energy, it can produce a current of 1 
ampere for 1 hour, or 1 milliampere for 1,000 
hours, or 20 microamperes for 50,000 hours or 
5.7 years. It has the potential to drive a pacer for 
more than 5 years if the pacer circuit will run on 
an electromotive force (EMF) as low as 1 volt. 
Historically, pacemaker circuits have been rela- 
tively inefficient because they required much 
higher voltages than this for operation. This 
explains why all of the earlier primary epoxy- 
potted pacers needed multiple zinc-mercuric 
oxide cells connected in series, that is, a bat- 
tery. However, we have developed discrete 
component pacemaker circuitry that will run 
on as little EMF as 1 volt [65], and newer 
technologies such as complementary metal 
oxide semiconductor (CMOS) and integrated 
injection logic (PL) will function at 2 volts (a 
single lithium cell) and 1 volt, respectively. 
The ampere-hour capacity is by itself not a 
totally reliable means of estimating the usable 
energy capacity of a cell since it does not de- 
scribe other cell variables such as impedance 
and voltage decay with time of the different 
chemical systems. The watt-hour capacity is a 
function of cell voltage and cell size (ampere- 
hours) and allows for a somewhat more 
meaningful comparison of different pacemaker 
power sources. For example, the 1 ampere-hour 
Mallory zinc-mercuric oxide cell has a capacity 
of approximately 1.3 watt-hours (1 ampere-hour 
x 1.33 volts) while the 0.6 ampere-hour SAFT 
lithium-silver chromate cell has a somewhat 
higher energy capacity of approximately 1.8 
watt-hours (3 volts x 0.6 ampere-hour) and 
the 1.2 ampere-hour Catalyst Research 804 
lithium-polymer iodine cell has a capacity that 
is greater than 3 watt-hours, more than double 
the pacing energy in the 1 ampere-hour RM-1 
cell. By dividing the watt-hour capacity of a cell 
by its weight or its volume, the watt-hours per 
gram or watt-hours per cubic centimeter, respec- 
tively, can be determined to facilitate compari- 
son of the energy densities of the wide variety 
of pacer power sources now in use. Assum- 
ing that all of the energy is available at the 
current drains and impedances involved, then 
the higher the energy density, the longer the 
theoretical pacemaker life that can be contained 
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in a given volume. Perhaps the most important 
comparative specification is the pacemaker 
lifetime to volume ratio because the majority of 
the volume of current pacers is taken up by the 
power source. The energy density of the famil- 
iar Mallory RM-1 Group II zinc- mercuric oxide 
cell is more than 0.5 watt-hour per cubic cen- 
timeter, and the energy density of the recharge- 
able zinc-mercury cell is essentially the same 
during its primary discharge cycle. After 7 
years of continuous cycling, each rechargeable 
zinc-mercuric oxide cell currently under test 
has delivered more than 9 watt-hours per cubic 
centimeter [67]. The highest primary energy 
density of currently available pacer power 
sources is 0.9 watt-hour per cubic centimeter 
for the ARCO lithium-carbon cell, and the low- 
est is 0.05 watt-hour per cubic centimeter for 
the Pacesetter BF 20 cadmium-nickel oxide re- 
chargeable cell. As with the zinc-mercuric 
oxide cell, watt-hour capacity can be increased 
by recharging, but its effectiveness is di- 
minished by the high self-discharge. 

The self-discharge rate is the rate at which a 
cell loses energy spontaneously during storage 
or in addition to the energy being removed by 
the circuitry following pacemaker manufacture. 
Temperature, humidity, and rate of discharge 
affect the measurement of the capacity lost to 
other than useful work, but approximate fig- 
ures for presently used systems range from a 
1% loss per year (0.02% per week) with the Mal- 
lory LSA 900-6 lithium-iodine, lead salt cell 
(used in some Coratomic and Intermedics pac- 
ers) and the lithium-iodine cells, to 1596 per 
week with the Pacesetter cadmium- nickel 
oxide rechargeable cell. With proper storage, 
the self-discharge rate of all the other pacer 
power sources considered in this report ranges 
from 2 to 5% per year. It becomes obvious that 
the lower the self-discharge rate of the cell, the 
longer the potential primary life of the implant- 
able pacer or the lower the requirements for re- 
charging. A nominal estimate of the drain of 
single-cell pacemaker circuits approximates 25 
microamperes. Multiple cells or higher-voltage 
systems draw somewhat less current if properly 
designed. By rating pacemaker cells in units of 
25 microampere-years (arbitrarily designated as 
pacemaker years) rather than in milliampere- 


hours, the detrimental effects of self-discharge 
can be more easily assessed. For example, the 
new 1 ampere-hour cadmium- nickel oxide cell 
becomes a less than 1 pacemaker-year cell while 
the 1 ampere-hour zinc—mercuric oxide cell re- 
mains a 4 pacemaker-year cell. 

The impedance of a cell also affects its range 
of usefulness for biological applications. Imped- 
ance may be defined as the degree of noncon- 
ductivity of a material to an electric current. All 
chemical power sources have an inherent inter- 
nal impedance that varies with the chemical 
and mechanical constituents of the cell and with 
the degree of cell discharge. For example, a 
rapid rise in impedance severely limited the 
usefulness of the early lithium-polymer iodine 
cells developed by Catalyst Research Corpora- 
tion. Even though chemical energy remained in 
these cells in terms of ampere-hours, it was es- 
sentially unavailable in terms of the 25 
microampere-year units of pacer drain just de- 
fined. The Catalyst Research/Wilson Greatbatch 
702E cell used by Cardiac Pacemakers, Inc., in 
the original lithium pacer, the Maxilith, was a 
success because design changes slowed the rate 
of rise of the internal impedance during dis- 
charge. Newer cells of the lithium-polymer 
iodine type such as the Catalyst Research 803/ 
804 series exhibit even a slower rise in imped- 
ance, while other types of lithium systems 
may show a so-called bathtub curve (early drop, 
late rise) or only a late rise in impedance. The 
impedance, volume, and voltage changes of the 
various lithium systems are included in Tables 
1 and 3 through 6. To illustrate the marked dif- 
ference between the zinc-mercuric oxide and 
the lithium-polymer iodine systems, Ruben re- 
ported that the impedance of the Mallory RM-1 
cell rises from approximately 0.6 to 0.8 ohm and 
then drops back toward 0.6 ohm as its chemical 
energy is exhausted [58]. In contrast, a typical 
lithium-polymer iodine cell (Catalyst Research 
802-35 mm) begins life at a low impedance and 
steadily rises to an impedance in the range of 
20,000 to 30,000 ohms prior to end of pacemaker 
life [35, 45]. Although this high internal imped- 
ance, which limits the rate at which energy can 
be drawn from the lithium-iodine cell, is not a 
severe problem for most pacemaker functions, it 
does reduce the applicability of this type of cell 
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Fig 1. Metal-encased but nonhermetically sealed pacer. 
Note the open seam in the edge view (right). 


to other systems requiring relatively large 
energy drains over shorter periods (e.g., neural 
stimulators and artificial limbs). In contrast, the 
rechargeable zinc—mercuric oxide cell is ideally 
suited to these high-drain applications. 

A final definition relates to pacemaker encap- 
sulation. Prior to 1970, essentially all implant- 
able cardiac pacers were coated in epoxy or 
silicone rubber or both materials, which only 
moderately slowed but did not prevent the 
eventual entry of moisture into the pacemaker 
electronic components [71]. The inability of the 
early Mallory battery-powered pacers to achieve 
their theoretical longevities was in part related 
to the dissolution of conductive electrolytes in 
the absorbed fluid, resulting in the development 
of low-impedance (i.e., highly conductive) cir- 
cuits which rapidly discharged the batteries [8, 
13, 43, 47]. Figure 1 illustrates a metal-sheathed 
but not hermetically sealed pacer. In contrast, 
Figure 2 illustrates the unnecessarily long cir- 
cumferential weld which is exposed directly to 
body fluids when a unit of round or oval design 


is implanted. As reported by MacGregor and 
associates [39], the majority of the 40,000 recent 
pacemaker recalls were related to moisture in- 
trusion. Figure 3 shows the disrupted metal en- 
velope of a Biotronik pacer caused by swelling of 
the contained epoxy following implantation. In 
one series, Mindt [43] noted that the epoxy was 
improperly cured. This caused a degree of 
swelling and internal shorting that resulted in 
the explosion of some implanted units (2 of the 
authors’ patients, including the unit on the right 
in Fig 3). Chirife and co-workers [13] reported 
that it can also cause runaway to the point of 
induced ventricular fibrillation. Fluid absorp- 
tion underlies a variety of recent problems vari- 
ously termed dendritic growth or metalization 
by the manufacturers [17] and explains many of 
the disappointingly short longevities reported 
in recent pacemaker series [18, 39, 42, 43, 47, 49, 
24]. 

To eliminate many of the moisture-related 
problems, an increasing number of companies 
(Figs 2, 4) have begun to hermetically seal im- 
plantable pacers in sealed (usually welded) 
metallic containers [8]. Literally, a hermetically 
sealed unit is airtight but the different pacer 
manufacturers define an acceptable helium leak 
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Fig 2. Hermetically sealed pacer powered by multiple 
RM-1 Group II Mallory zinc—mercuric oxide cells. Note 
the welded circumferential seam in the edge view 
(right). 


rate for their product as being hermetic. For ex- 
ample, 4 x 107? standard cc/sec means that the 
"hermetic" unit may leak approximately 0.0035 
cc of helium gas per 24 hours under standard 
conditions of temperature and external pres- 
sure. Many years will be required for the de- 
velopment of significant vapor pressure levels 
in these units. While corrosion problems have 
been encountered by both Cordis and Edwards 
[39, 48] and although hermetic sealing by itself 
cannot guarantee against a future recall by any 
of the manufacturers [10, 39, 56], the problems 
with hermetic units to date have been minor 
relative to the overall number of units in the 
field. The elimination of all nonhermetic pacers 
from the market will finally allow pacemaker 
functional life to approximate engineering pre- 
dictions, based on properly defined cell capac- 
ity, because the electronics and power source 
will no longer be forced to work in a warm, 
moist environment (Fig 5). 

With regard to hermeticity, rectangular pac- 





ers have at least three important theoretical ad- 
vantages over rounded pacers [65]: (1) The 
length of the hermetic seal is shortened; (2) the 
weld seam can be protected from direct attack 
from body fluid by recessing the seam at the 
small end of the rectangle and then covering it 
with an epoxy or other biocompatible material 
connector (see Fig 4, right, vs Fig 2); and (3) 
internal heating of components during welding 
is minimized in short-seam designs. Round 
pacers of necessity must have a longer cir- 
cumferential exposed weld or seal. Thus, the 
current manufacturers of round and oval pacers 
have at risk more than 3 km of exposed weld for 
every 10,000 pacemakers implanted compared 
with less than 0.8 km of epoxy-protected seal 
for every 10,000 rectangular pacers of our de- 
sign [65] (see Fig 4, right). Rectangular units 
may also be somewhat more resistant to rota- 
tion and the capstan effect occasionally seen 
with round pacers. Aesthetically, rounded and 
oval units have been promoted as more natural, 
but in fact they simulate a subcutaneous tumor, 
which a rectangular unit does not. 

In most currently available hermetic pacers, 
the battery is hermetically sealed and major 
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Fig 3. Metal-encased nonhermetic units showing spread- 
ing of the seam secondary to fluid absorption and swell- 
ing of the epoxy. Two years after implantation, the 

unit on the right suddenly expelled several cubic cen- 
timeters of a corrosive gas-containing mixture into the 
patient's tissues. 


portions of the circuit (hybrids) are hermetically 
sealed within a third or outer hermetic en- 
velope, the exterior of the pacer. The interstices 
within the pacer are filled with either inert gas, 
epoxy, or silicone rubber. The filled units offer 
a slightly greater margin of safety should the 
external hermetic enclosure fail, but they are 
somewhat heavier. It is doubtful if the extra 
weight has any biological importance, but there 
is a risk that the enclosed epoxy will contract 
and crush the electronic components. Haynes 
Alloy No. 25, 316L stainless steel, and titanium 
are currently all used for the exterior hermetic 
enclosure, and at present none has a clear ad- 
vantage over another [2, 29, 30, 48, 50, 52]. 
Ceramic, glass, and polymer hermetic enclo- 
sures have also been studied [32, 68]. 

PRIMARY ZINC-MERCURIC OXIDE CELLS. The 
Original Mallory pacer cell, the RM-1, was mod- 
ified in 1969 by the addition of silver to the 
mercuric oxide in the cathode and again in 1973 
by the addition of an improved barrier between 


the anode and the cathode [21, 55]. This im- 
proved cell, RM-1 Group II, can theoretically 
power a pacer for from 5 to 7 years depending 
on the pacer load (electrode), circuit drain, and 
number of cells utilized [44]. The hermetically 
sealed Edwards Model 8116, used in more than 
2,000 clinical implants since 1974, utilizes these 
cells [25]. The hermetically sealed Cordis Kappa 
unit also uses RM-1 Group II cells. It was with- 
drawn from the market in April, 1976, because 
of connector, sealing, and getter problems [64] 
but it has since been reintroduced. Although a 
number of pacers that are not totally hermeti- 
cally sealed are available with the RM-1 Group 
II cell, they cannot be recommended. 

LITHIUM CELLS. The solid electrolyte lith- 
ium-polymer iodine cell was developed in 
1968. As can be seen from Table 1, various 
anode configurations (single versus double, 
central versus peripheral), various cathode 
iodine polymer mixtures (16:1 to 10:1, cur- 
rently, 15:1), and various construction tech- 
niques have been used [61]. The high ratio of 
iodine to polymer in the earliest cells proved 
caustic to connectors and cases and led to early 
cell failures. With the development of the dou- 
ble peripheral lithium anode to separate the 
central caustic iodine cathode from the metal 
case, higher iodine ratios have again been used 
[35]. The advantage of the higher iodine content 
is that it increases the energy capacity of each 
cell per unit volume, thus allowing smaller pac- 
ers or considerably increased lifetime to volume 
ratios. 

Approximately 200,000 lithium-iodine pow- 
ered pacers have been implanted to date with- 
out a single proven battery failure [1, 4, 10, 
14, 15, 24, 28-30, 35, 52, 56]. The Catalyst 
Research-Wilson Greatbatch 702E cell, used in 
the Cardiac Pacemakers, Inc., Maxilith (1972), 
the Telectronics series 120 (1974), and the Bio- 
tronik IDP-144 (1975), is unequivocally capable 
of powering a pacemaker for 6 years, and 
Greatbatch has shown that there is a 90% prob- 
ability of this cell achieving a functional life of 
10 years [24]. However, the 702E is a very large 
cell, and a whole series of smaller daughter cells 
has evolved from it (Tables 1, 2). For example, 
the Catalyst Research series 801 cells (intro- 
duced in mid-1975) and 802 cells (introduced in 
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Fig 4. From left to right: a multiple zinc-mercuric oxide 
cell, nonhermetic, epoxy-encased pacer (Medtronic Xy- 
tron); a hermetically sealed, thinly epoxy covered seam, 
lithium-iodine pacer (Intermedics Interlith); and a her- 
metically sealed, short, deeply epoxy protected seam, 
rechargeable silver zinc-silver mercuric oxide pacer 
(Brownlee-Tyers). Note in the unit to the right that the 
hermetic seal is recessed within the can so that it is pro- 
tected by a 2 cm epoxy cap which also functions as the 
connector. 


January, 1976) are theoretically superior and 
have been used in the Intermedics Interlith for 
more than 10,000 implants with no cell failures 
[29]. The similar Wilson Greatbatch 752 [46] 
powers more than 3,000 of the Miniliths (Car- 
diac Pacemakers, Inc.) [3] while an equal 
number are powered by 2 of the entirely differ- 
ent nonhermetic SAFT (Table 3) lithium-silver 
chromate cells [2], which swell 10% during dis- 
charge [23]. In addition to a number of lithium- 
iodine cells, Telectronics (more than $8,000 
lithium implants worldwide) has utilized Wil- 
son Greatbatch lithium-bromine and SAFT 
nonhermetic lithium-silver chromate energy 
sources [52]. In their first 477 lithium units, 
there was only one failure (not cell related) after 
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Fig 5. Rings of fluid on the batteries of a nonhermetic 
pacer that failed early after implantation. 


a mean of 15 months of pacing (longest follow- 
up, 27 months). Mallory (Table 4) has de- 
veloped a high-capacity (4.8 watt-hours), re- 
dundant, hermetically sealed lithium-iodine 
cell which undergoes slight internal volume 
changes during discharge and requires an 
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Table 1. Catalyst Research Hermetically Sealed Lithium Anode P2VP Iodine Cathode Solid-State 
Lithium-lodide Electrolyte Cells 








Ampere- Vol- Com- 
Model Year Hours Anode I/P BOLV V° n> ume^ Disc. NM Comment pany 
702A 1970 1.5 S/C 16:1 2.8 E 7 -> Yes NA Low current, low None 
capacity 
702B, 1970 «3.5 S/C 16:1 2.8 A ^ => Yes No Leakage, corrosion SE 
702C 
702P 1971 3.5 SiC 10:1 28 | ^ > Yes PC  Lessdropin voltage CPI, EA 
702E 1972 3.5 D/C 10:1 2.8 q JP — No Eor Large, sharp cor- CPI, TEL, 
PC ners; iodine vapor BIO 
801—23 mm 1973/754 1.5 D/P 10:1 2.8 1 J -— SO CS Smaller; less voltage INT, AT, 
801—35 mm 3.1 drop SE, V, L, 
D 
802—23 mm  197376* 1.8 D/P 15:1 2.8 1 J = No No Increased capacity INT, AT, 
802—35 mm 3.8 SE, V, L, 
D, PAC 
803—23 mm 197376! 1.4 D/P 15:1 2.8 1 J — No No Proprietary changes; INT 
803—30 mm 2.0 dimension changes; 
9 mm thick 
804—23 mm 197376! 1.2 D/P 15:1 2.8 1 J — No No Like 803 





“The downward slope of the arrow illustrates cell voltage decrease with time. The slopes of the different curves reflect the true variety of 
discharge performance seen with the different cells. 

"The upward slope of the arrow illustrates impedance rise with time. 

* Volume changes are illustrated by arrows, as in V and Q. 

‘The year before the solidus indicates when the prototypes were built; the year after, when production began. 


P2VP = poly-2-vinylpyridine; I/P = iodine to polymer ratio; BOLV = beginning-of-life voltage; V = cell voltage with time; f) = impedance 
with time; Disc. = discontinued; NM = new material; S = single; C = central; NA = not applicable; SE = Siemens-Elema; PC = polyester 
cement sealant; CPI = Cardiac Pacemakers; EA = Electronique Appliqué; D = double; E = epoxy; TEL = Telectronics; BIO = Biotronik; P = 
peripheral; SO = special order; CS = ceramic spacer; INT = Intermedics; AT = American Technology; V = Vitatron; L = Elettro Medicali; D 
= Devices Implants Ltd; PAC = Pacesetter. 


Table 2. Wilson Greatbatch Hermetically Sealed Lithium Anode Solid-State Electrolyte Batteries? 








Ampere-  Cath- CR 

Model Hours ode BOLV Unit Comment Company 

702A-P 3:5 P.I, 2.8 Same 3 under test since 1970; 702E See Table 
projected 9096 at 10 yr 1 

741 1.0 P.L 2.8 7:801 "Pediatric" double 
peripheral anode 

752 1.4 P.L 2.8 =802 Full production 1975; 741 CPI 
with increased I/P ratio TEL 

755 3.0 P- 2.8 TT Introduced 1976; central CPI 
anode, I, vapor TEL 

742 1.1 P.L 5.6 E 2 lithium-iodine cells in MED 
series; "sqround^;" needs 
internal spacers and 
insulators; not redundant 

766 JS P- Br, 2.9 — Introduced 1976 TEL 


“Voltage, impedance, and volume data are similar to those in Table 1. Significant differences in design and manufacturing 
techniques compared with Catalyst Research units after 1975. Other models include 743 and 743A—4.0 ampere-hours. 
"Term coined by Medtronic meaning partly square and partly round. 


P: = polymer; CR = Catalyst Research Corporation; MED = Medtronic; other abbreviations same as for Table 1. 
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Table 3. SAFT Polypropylene Seal Lithium Anode Silver Chromate Cathode, Liquid Lithium Perchlorate 
Propylene Carbonate Electrolyte Cells 


ŘS 


Ampere- 
Model Year Hours BOLV V Q Volume Comment Company 
A a ee en MM MM UNENUMMMEDEUMMMMMMM. e A. AL 
Li355 NA 2.4 3.1 E — P Not used None 
in pacers 
Li210 1973 0.6 3.1 + L^ ^ Usually 2 redun- CPL. TRL, 
dant cells E, ESB* 


in parallel 


aaa 


aESB is phasing out this cell. 


E = Edwards; ESB = Medcor; other abbreviations same as for Table 1. 


Table 4. Mallory Hermetically Sealed Lithium Anode Lead Sulfide—Lead Iodide Cathode, Solid-State 
Lithium Iodide Electrolyte Batteries? 


ee 


Ampere- 
Model Year Hours BOLV V Q Vol Comment Company 
T a PE a ae ee ee 
LSA 250-6 1971 0.25 5.7 " "di ec Discontinued Evaluated 
by MED 
LSA 900-6 1972 0.9 5.7 Me FT — 21 spring INT, COR 
loaded, 1.9 
volt cells in 
7 parallel 
(redundant) 
sets of 
, 3 cells 
connected 
in series 


————  —— MÀ —— M — — ——— ————— 


In addition to lithium iodide, as with Catalyst Research and Wilson Greatbatch cells, lead sulfide and lead (both electroni- 
cally conductive) are reaction products. The lithium iodide separator may not be self-healing. 


COR = Coratomic; other abbreviations same as for Table 1. 


Table 5. General Telephone and Electronics Hermetically Sealed Lithium Anode, Porous Carbon Cylinder 
Cathode, Liquid Thionyl Chloride-Lithium Aluminum Chloride Electrolyte Cells? 


D M ———— 


Ampere- 

Model Year Hours BOLV V Q Volume Comment Company 

E i eS 

LI-2 1974 1.8 3.7 E a s 2 redundant ARCO 
parallel cells 

LI-3 or 4 1976 0.9 3,7 3 k, S Like LI-2 but ARCO 
smaller size 
and capacity 


a M — — — M — —— ————————7 


These cells have the highest energy density of the available lithium cells. ARCO Medical has exclusive agreement to 
manufacture them. 


Abbreviations same as for Table 1. 


internal spring construction [63]. It has been experience in the production and sale of 
used in more than 3,000 CMOS-I Intermedics lithium-powered pacers [33, 36]. ARCO's LI-2 
Model 221 units with no power cell failures [30]. (4,000 implants), LI-3, and LI-4 units (approxi- 
In addition to Cardiac Pacemakers, Inc., Inter- mately 1,600 implants each) all use a unique 
medics, and Telectronics, a fourth company, lithium-thionyl chloride battery (Table 5) de- 
ARCO Medical, has a noteworthy long-term veloped by General Telephone. While hermeti- 
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Table 6. Newer Lithium Anode Cells 








Ampere- 
Manufacturer Hours BOLV. "V Q HS SS Comment Company 
Dupont 1.8 MA VY No No Cupric sulfide Cordis 
cathode exclusive 
agreement 
Mallory 1.0 2.8 1 — No No Carbon cathode, None 
sulfur dioxide 
electrolyte 
Power Conversion 1.0 2.8 Y — No No Similar None 
to Mallory 
Electrochemica 2.0 2.8 » > No No Similar None 
to Mallory 





HS = hermetically sealed; SS = solid-state electrolyte; other abbreviations same as for Table 1. 


cally sealed, the lithium-thionyl chloride cell 
(like the nonhermetic SAFT cell) is not solid 
state; that is, the electrolyte is not dry, and it 
shrinks slightly during discharge. The larger 
LI-2 has been available for clinical implantation 
for more than three years. 

A number of newer lithium-powered 
pacemakers are also available. Medcor and 
Edwards use the SAFT cell, Coratomic 
uses a Mallory lithium cell, and American 
Technology uses Catalyst Research 800 series 
cells. The Intermedics Thin Lith series is pow- 
ered by the thinner (9 mm thick) Catalyst Re- 
search series 803/804 lithium-iodine cells, while 
the Cardiac Pacemakers, Inc., Microlith is 
powered by the similarly new Wilson 
Greatbatch 755, which reverts to the central 
lithium anode configuration. This results in the 
potential for iodine vapor and iodine polymer 
(10 times more corrosive) contact with the 304 
stainless-steel battery case [7].* Both Medtronic 
and Cordis entered the lithium field late [18, 
19], but by March, 1977, more than 3,000 Xyrels 
[73] and 1,700 Lambdas [6, 50] had been 
distributed. The roundish, high-voltage Med- 
tronic battery (Wilson Greatbatch 742; see Table 
2) consists of 2 separate lithium-iodine cells 
in series, which makes its production some- 
what more challenging than previous lithium 
batteries [19]. The lithium- copper sulfide bat- 
tery developed by Dupont and licensed exclu- 
sively to Cordis [19] is one of a series of newer 
nonhermetic, non-solid-state lithium anode 
cells [40] now available (Table 6). As with the 


*Schneider AA: Personal communication, 1977. 


Table 7. Comparison of Lithium Cells 


Manufac- Clinical 
turer HS SS Experience 
CR/WG Yes Yes 200,000 
SAFT No No 210,000 
Mallory Yes Yes 25,000 
GTE Yes No 7,500 
Dupont No No >3,000 


HS = hermetically sealed; SS = solid state; CR = Catalyst 
Research; WG = Wilson Greatbatch; GTE = General Tele- 
phone and Electronics. 


Medtronic lithium battery, multiple cells (3 in 
the case of Cordis) are required in series to 
achieve a high enough EMF to power the rela- 
tively high voltage pacer circuitry, and each 
component cell swells 5% during discharge. 
Both Cordis and Medtronic have chosen to use 
relatively large (more than 15 cc displacement) 
batteries that require multiple internal sep- 
arators and connectors, rather than to develop 
lower voltage circuitry. The trade-off is a new, 
more complicated battery for the ability to con- 
tinue to use known circuitry that had been es- 
sentially developed to operate from a multiple 
RM-1 cell battery. 

From the preceding, it can be readily ap- 
preciated that a great variety of lithium cells is 
available and in use (Table 7). With rare excep- 
tions (Biotronik IDP-144, American Pacer 
Bifocal 8175B), all of the currently available pac- 
ers using lithium anode power sources are 
hermetically sealed [4, 28], but the lithium cells 
they contain are not all hermetic or solid state, 
many are associated with iodine vapor pressure 
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which is corrosive, and several change dimen- 
sion during discharge. More experience is re- 
quired to determine how many of the newer 
lithium cells will live up to the outstanding rec- 
ord of the 702E, especially as most of the newer 
lithium pacers contain lower-capacity cells. The 
double anode cells, which utilize a lithium bar- 
rier to prevent contact between the corrosive 
halogen polymer in the cathode and the metal 
cell case, and the high-energy density lithium- 
carbon cell appear to offer the best probability 
of providing reliable long-term cardiac pacing. 
The various nonhermetic lithium cells (e.g., 
SAFT, Dupont-Cordis) that swell during dis- 
charge, cells in which the barrier between the 
anode and the cathode may not be self-healing 
(e.g., LSA 900-6), lithium batteries involving 
‘the increased complexity of connecting multiple 
cells in series (e.g., Wilson Greatbatch 742 and 
Dupont-Cordis), and cells in which corrosive 
high halogen (iodine or bromine) cathodal mix- 
tures are not separated from the metallic cell 
case by the lithium anode (Wilson Greatbatch 
755 and 766) possess theoretical disadvantages 
that render them somewhat less attractive than 
the lithium envelope, solid-state cells. A bro- 
mine-polymer mixture (Wilson Greatbatch 766) 
is 10 times more corrosive than an iodine- 
polymer mixture, and even the latter may etch 
the 0.375 mm steel cell case to a depth of 0.025 to 
0.05 mm per year [7].* 

SECONDARY CHEMICAL CELLS. These cells are 
of two kinds, cadmium- nickel oxide and silver 
zinc-silver mercuric oxide. 

The role of the “nickel-cadmium” cell in car- 
diac pacing has been long and discouraging, 
but two recent rechargeable pacemakers are of 
clinical interest. After a series of modifications 
were made in hermetically sealed cadmium- 
nickel cells developed for the space program, a 
markedly improved rechargeable pacemaker 
powered by a 0.2 ampere-hour cell was intro- 
duced clinically in 1973 and has now been used 
in more than 3,000 patients [37, 38]. Patient ac- 
ceptance of this unit has been remarkably good 
[12]. Reported malfunctions have related to a cir- 
cuit component other than the battery and to 
turning over of the units with temporarily un- 


*Schneider AA: Personal communication, 1977. 


recognized loss of charging effectiveness [57]. 
Initially, 90 minutes per week was required for 
recharging, and the cell has the capacity to 
power the pacer for five to six weeks without 
recharging. The weekly recharging requirement 
has now been reduced to 60 minutes, and sev- 
eral hours of recharging once every four weeks 
have been successfully accomplished in a few 
patients. The major disadvantage of this pace- 
maker is its short functional life if charging 
is discontinued for any reason. Larger, 1 
ampere-hour cells of similar manufacture 
are being investigated, but the previously 
discussed high self-discharge rate of the 
cadmium-nickel oxide system still limits its 
maximum duration of function as a primary 
unit to much less than a year. In addition, very 
high recharging energies (600 milliamperes) are 
under discussion. 

The other secondary chemical cell is the silver 
zinc-silver mercuric oxide cell. Although a re- 
chargeable zinc-mercury cell has been available 
for a number of years [58], it was not until 1969 
that a modified high-reliability pacemaker cell 
with improved barriers and silver added to 
both the cathode and the anode was developed 
by Fagan [20]. All cells in continuous, modestly 
accelerated body temperature tests (dogs, bio- 
logical simulator) begun in 1969 continue 
to function in their ninth year [66, 70]. These 
cells have each delivered more than 20 am- 
pere-hours of energy at a potential of 1.2 to 
1.6 volts. Hermetically sealed units have paced 
animals with complete heart block since 1973, 
and there have been no failures to date [27]; a 
clinical test of 10 units was begun in October, 
1974, and at the end of the fourth year all pacers 
continue to function normally [65]. Recharg- 
ing is accomplished by placing a small, low- 
energy coil on the skin over the pacemaker but 
can also be achieved by an automatic loosely 
coupled system that requires no patient cooper- 
ation. The unique advantages of the zinc- 
mercuric oxide rechargeable unit include its 
proven ability to function for more than 8 years, 
continuous pacing for up to 4 years without re- 
charging, and total rechargeability after com- 
plete discharge of the cell. After 8 to 10 hours 
recharging once every six months or after 50 
hours recharging once every 3 to 4 years, the 
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pacemaker is capable of several years of con- 
tinuous pacing should charging be discon- 
tinued for any reason [65]. This is the first sys- 
tem that allows the patient and physician the 
freedom and flexibility of a primary pacer com- 
bined with the obvious advantages of re- 
chargeability. Recharging has to date been car- 
ried out at only 20 milliamperes, but preliminary 
studies indicate that recharging requirements 
can be reduced to less than half by increasing the 
recharging energy to 40 to 50 milliamperes. 


Nuclear Power Sources 


After initial development costs of five million 
dollars [31], nuclear pacemakers powered by 
plutonium 238 thermopiles were first tested in 
dogs in 1969 and patients in 1970 [69]. Details of 
clinical use in the United States were reported 
by Parsonnet in 1972 [53]. All units are hermeti- 
cally sealed. More than 2,000 clinical units 
(Alcatel-Medtronic Model 9000, ARCO Medical 
NU-5, Cordis Nu, and Coratomic C100 and 
C101) have been implanted, and all known clin- 
ical failures are due to hermetic seal failure, cir- 
cuit component malfunction, or a sensing cir- 
cuit design error in the C100 [62, 69]. Only the 
Model 9000 has accumulated enough experience 
to prove statistically that its random failure rate 
is no greater than that of earlier nonhermetic 
zinc- mercuric oxide pacers [69]. In fact, inde- 
pendent 5-year in vitro and in vivo testing of 
currently available nuclear pacers has un- 
masked previously unidentified inherent or in- 
duced defects in models that had previously 
passed tests under conditions specified by the 
Atomic Energy Commission [26], and the long- 
term effects of ionizing radiation on the elec- 
tronic components of nuclear pacers have yet to 
be determined [53]. 

A continuing argument between the propo- 
nents and opponents of nuclear pacers revolves 
around the question of radiation safety [66]. 
The levels of “safe” exposure have been 
continually reduced since the discovery of 
radiological diagnosis and treatment [59]. Cur- 
rently allowable levels of whole-body exposure 
are 5 rems per year for nuclear workers, 0.5 rem 
per year for the general public, and 0.1 rem 
per year for students [69]. A rem (roentgen- 
equivalent-man) is the dose of ionizing radia- 


tion that will produce a biological effect approx- 
imately equal to that caused by one roentgen of 
x-ray or gamma-ray radiation. An annoying 
habit of nuclear proponents is to report radia- 
tion exposure per hour. Thus the surface dose 
from a plutonium 238 pacer containing 250 mg 
of isotope is 5 to 15 millirems per hour and the 
radiation level at the surface of the patient (and 
in the marrow of the ribs) is 1 to 2 millirems per 
hour. These exposures can be determined to be 
equal to 130 and 17.5 rems per year (millirems/ 
hourx24 X365+1,000), respectively. When one 
considers the known 20-year effect of radiation 
in the induction of thyroid cancer [11] and the 
known susceptibility of bone marrow to the in- 
duction of leukemia by radiation [69], a small 
but real increased risk of cancer must be borne 
by the younger patient receiving a nuclear 
pacer. This does not take into consideration the 
increased amount of plutonium in some units. 
In addition, the allowable contamination of 
plutonium 238 with up to 0.6 part per million of 
plutonium 236 (2.3 times the gamma ray dose of 
plutonium 238) results in a progressive increase 
in radiation exposure for up to 16 years after 
implantation, due to the buildup of more active 
daughter isotopes [69], while the allowable con- 
tamination with longer-lived plutonium 239 
poses a potential late environmental hazard. 
Thus the use of nuclear pacers in the very 
young is not recommended by Parsonnet [54]. 

The small but real risk of environmental con- 
tamination with plutonium is discussed in 
great detail in the Nuclear Regulatory Commis- 
sion (NRC) final generic statement on the 
routine use of nuclear cardiac pacers [69] and is 
not reviewed here. However, it should be noted 
that helium gas results from the decay of 
plutonium 238 so that as the pacemaker is ex- 
posed to the caustic biological environment 
over the years, pressure is gradually building 
up within. Further, the NRC admits that control 
and accountability for every unit cannot be as- 
sured, and some have already been lost to 
follow-up. Ninety-eight percent of the original 
3,100 microcuries of plutonium 239 would still 
be present after a period exceeding 800 years iii 
a unit lost in sea water [69]. Although it is 
highly likely but not proved that plutonium 238 
nuclear pacers will consistently provide 5 to 10 
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years of pacing function, the multiple disadvan- 
tages of (1) not insignificant local radiation to 
the younger patient, (2) larger size or even 
higher radiation exposure with smaller and 
therefore less well shielded units, (3) higher 
cost, and (4) more attractive nonnuclear sources 
of equally proven longevity make it unlikely 
that plutonium 238 nuclear pacers will exceed 
1% of the market. It is generally accepted that 
no exposure to ionizing radiation should be 
permitted without the expectation of commen- 
surate benefit, and it should be recalled that up 
to 6,000 cancer deaths per year result from cur- 
rent levels of diagnostic radiation [59]. The 
promethium 147 Betacel has been discontinued 
by the manufacturers as it is not theoretically 
superior to current chemical power sources [69]. 
A. consideration of its advantages and disad- 
vantages is therefore not germane. 


Biological Power Sources 


While a number of systems have been de- 
veloped that successfully convert the mechani- 
cal (e.g., piezoelectric crystals) and chemical 
(bidgalvanic cell, bioautofuel cell) energy of the 
recipient into electrical energy adequate to 
power a pacemaker, none of these systems has 
to date achieved the reliability of even the orig- 
inal RM-1 primary zinc-mercury cell. Research 
continues in this area [5, 22, 41, 53, 72] but there 
are presently no developments of clinical rele- 
vance. 


Comment 

After years during which the pacers of the dif- 
ferent manufacturers were more similar than 
different and offered very few real choices to 
the surgeon performing implants, a wide vari- 
ety of potentially greatly improved pacer power 
sources is now available. The newer primary, 
rechargeable, and nuclear power sources all 
provide the potential for up to 10 years of con- 
tinuous pacing from a single implant, and, 
when encased in a hermetic enclosure, each has 
demonstrated the ability consistently to stimu- 
late the heart for 5 years. The late but now gen- 
eral recognition that epoxy-coated pacers func- 
tion unreliably in a warm-water environment 
and that hermetic sealing of all pacer compo- 


nents, including the battery, is essential for re- 
liability [8] played as important a role in this 
achievement as the development of improved 
power sources. 

While details of the chemistry and construc- 
tion of the wide variety of available lithium 
cells may seem unimportant to the physician 
primarily involved in pacemaker implantation, 
follow-up, or both facets, this information will 
be essential in the management of future recalls 
and advisories on lithium-powered pacers. 
These will almost certainly occur. The physician 
dealing with such pacers should understand 
that there are different cathodal materials (e.g., 
polymer iodine versus bromine versus silver 
chromate), different cell construction methods 
(hermetically sealed versus nonhermetically 
sealed, cells versus more complicated batteries, 
cathode case contact versus lithium envelope 
construction), and different cell electrolytes 
(solid state versus dry cell and a wide variety of 
materials). Armed with this knowledge and the 
additional information that even certain identi- 
cal appearing pacers of a given manufacturer 
may contain different cells [2, 3], the responsi- 
ble physician can quickly exclude and inform 
patients who do not have any of the suspect 
units. Conversely, the physician can increase 
surveillance if suspect units of a different man- 
ufacturer contain the same power cell as used in 
some of his patients' pacers (the Cardiac Pace- 
maker, Inc., Miniliths 502 and 602 contain the 
Wilson Greatbatch 752 solid-state lithium- 
iodine cell while the grossly identical Miniliths 
0501 and 0601 contain 2 parallel SAFT non- 
hermetic, non-solid-state lithium-silver chro- 
mate cells). Certainly, not all lithium anode 
cells will prove to be of equal reliability, and 
additional time is necessary to determine their 
relative merits. 

Investigation of newer pacemaker power 
sources is also continuing [21, 54]. Some of the 
primary cells under consideration include a 
sodium amalgam-bromine cell with a solid 
ceramic electrolyte that is reported to have a 
10-year capability (General Electric, ARCO 
Medical), two different configurations of a 
small 6 watt-hour Mallory lithium cell (Fig 6), 
and a high-voltage primary but potentially re- 
chargeable zinc-silver oxide cell (VARTA). 
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Fig 6. Prototype high energy density circular LSAC 
1000-6 (left) and rectangular LSAR 1050-6 (right) Mal- 
lory lithium cells. 


Newer rechargeable cells that may have biolog- 
ical applications include Electrochemica non- 
gasing cadmium- mercuric oxide cells [16] and 
Gates sealed lead-acid cells [34], and a new de- 
mand pacer utilizing the rechargeable silver 
zinc-silver mercury cell is currently being 
tested by Intermedics. Another technique, 
which we are investigating, involves a combi- 
nation of primary lithium and rechargeable ex- 
ternal energy techniques. A low-energy, large- 
volume, alternating-current magnetic field pow- 
ers the pacemaker while the patient is at 
home and at work if the work area is limited. 
Energy is drawn from the lithium cell only dur- 
ing lengthy excursions outside the fields pro- 
vided in the immediate home or work envi- 
ronment [9]. 

The search for newer pacemaker power 
sources is not just academic. Lithium not only 
is used in the production of tritium, which 
along with deuterium fuels fusion reactors, but 
is also a key ingredient in a newly developed 
storage battery for utilities and electric au- 
tomobiles. Thus, the demand for lithium is ex- 
pected to outstrip the supply by a factor of two 
before the turn of the century [70]. 

Only time will tell which of the many avail- 
able lithium, halogen, rechargeable, and nu- 
clear power sources will prove superior, 
but when used in well-designed, hermetically 
sealed pulse generators, all have the potential to 
greatly improve the outlook for both the pace- 


maker patient and the implanting and follow- 
ing physician. The 5-year pacer is now a reality 
and the 10-year pacer, a probability. 
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REVIEW OF RECENT BOOKS 


Arrhythmia Analysis by Intracardiac 
Electrocardiography 

By John W. Lister, M.D., Arthur ]. Gosselin, M.D., 
Eugene J. Sayfie, M.D., and Milton E. Lesser, M.D. 
Charles C Thomas, Springfield, IL, 1976 

340 pp, 285 illustrations, $34.50 


Reviewed by John F. Moran, M.D. 


This handsomely produced textbook is divided into 
seven extensively illustrated chapters: Methods of 
Recording, Genesis of Arrhythmias, The Sinus Node, 
The Atria, The Atrioventricular Junction, Anomalous 
A-V Pathways, and The Ventricles. The methods 
chapter discusses electrograms, His bundle record- 
ings, and the extensive ladder diagram used 
throughout the book. Theladder diagram contains the 
sinoatrial node, high and low right atrial electro- 
grams, the high to low right atrial interval, the A-H 
interval, and the H-V interval. There is a succinct 

* discussion of automaticity, conduction, and reentry 
as a preliminary to the approach to the arrhythmias. 
Unfortunately, the difficulty of proving automaticity 
or reentry in a particular arrhythmia at the time of the 
His bundle recording is not discussed. 

Each chapter begins with a summary of basic and 
clinical knowledge of electrophysiology. These por- 
tions of the text are well referenced with some of the 
best'articles in their respective areas. However, none 
of fhe references is later than 1973, so much recent 
work is not discussed. The remaining portion of each 
chapter and the bulk of the text are composed of ECG 
rhythm strips and their analyses. The sick sinus node 
syndrome is reviewed, with examples of the effect of 
overdrive atrial pacing. The authors agreed that 2 
seconds is a prolonged SA node recovery time but 
presented two cases of presumed sick sinus node 
syndrome in which the SA node recovery times were 
approximately 1,600 msec and 1,510 msec compared 
with basic cycle lengths of 840 and 660 msec, respec- 
tively (p 46). No comment is made about some of the 
difficulties in interpreting these values. There is also 
no discussion of compensation, reset, interpolation, 
or echo beats when the SA node is bombarded by 
premature atrial stimulations. 

The authors tend to be occasionally dogmatic when 
discussing arrhythmia interpretations. In one case (p 
206) a diagnosis is made of junctional rhythm (rate 79 
per minute) with 1:1 retrograde activation and an 
echo beat with a normal QRS interval due to super- 
normal conduction. This could have been a junctional 
tachycardia with aberrant intraventricular conduction 
and an echo beat conducted normally. Another area of 
potential difference of opinion is the use of the terms 
first- and second-degree AV block to describe a tracing 
containing dropped beats in which the conducted 
beats have a prolonged P-R interval (p 132 and 178). 

Overall, the book is a good review and is recom- 
mended for students and house staff interested in 


arrhythmia analysis. It also demonstrates indirectly 
how often a correct diagnosis of arrhythmia can be 
made by deductive analysis alone. 


Maywood, IL 


Infections of Prosthetic Heart Valves 
and Vascular Grafts 

Edited by Richard J. Duma 

Baltimore, University Park Press, 1977 
353 pp, illustrated, $26.50 


Reviewed by Gordon K. Danielson, M.D. 


This well-illustrated book is prepared from a confer- 
ence on infections of prosthetic valves and vascular 
grafts which was held in Richmond, VA, March 
22-23, 1976. The topics covered are infections of 
prosthetic heart grafts and preventive (prophylactic) 
therapy for infections of prosthetic heart valves and 
vascular grafts, and they are treated authoritatively. 
The participants, recognized for expertise in their 
respective areas, represented the fields of cardio- 
vascular surgery, infectious diseases, pathology, 
and internal medicine. 

Although much of the material presented can be 
found scattered in diverse journals in the medical 
literature, all aspects of infected prostheses and grafts 
are brought together nicely in this one volume. Liter- 
ature reviews, summaries of clinical data, and ex- 
perimental studies cover the various aspects of each 
topic well. Following each chapter is a question- 
and-answer section which adds interest and ad- 
ditional commentary on the material presented. 
The chapters are well referenced and the index is 
complete. 

Current concepts of prosthetic valve endocarditis 
are accurately given. For example, the differences be- 
tween the prognosis and microbiological spectrum of 
prosthetic endocarditis that appears within 60 days 
of cardiac operation compared with prosthetic valve 
endocarditis that occurs after this interval (late-onset 
endocarditis) are clearly outlined. Practical com- 
ments about management of infections of prosthetic 
valves and vascular grafts and advice concerning 
prophylaxis of infections are given. 

This volume is highly recommended for all physi- 
cians involved with the management of patients hav- 
ing prosthetic heart valves or vascular grafts. 


Rochester, MN 
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pneumonectomy in infancy (Szarnicki et al), 
CASE REPORT, 231 
treatment of bronchopleural fistula (Virkkula), 
EDITORIAL, 489 
use of chest wall muscle flaps to close broncho- 
pleural fistulas (Hankins et al), 491 
Lymph nodes 
importance of mediastinal lymph node invasion by 
pulmonary carcinoma in selection of patients 
for resection (Smith), 5 


Markers i 
stainless steel markers for aorta-saphenous vein 
anastomosis (Elliott et al), How To Do IT, 257 
Mediastinum 
delayed mediastinal infection after ventricular 
aneurysm resection (Engelman et al), CASE RE- 
Port, 470 
importance of mediastinal lymph node invasion by 
pulmonary carcinoma in selection of patients 
for resection (Smith), 5 
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et al), 536 
topical cardiac hypothermia, effect of methylpred- 
nisolone sodium succinate (Barner et al), 526 
Microembolism. See Embolism 
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postinfarction cardiac rupture (Kendall and De- 
Wood), 311 


Nitroprusside 
improved myocardial performance in postopera- 
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Peer review 
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esophageal intubation in management of perfo- 
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retrograde coronary sinus perfusion for myocardial 


protection during cardiopulmonary bypass 
(Solorzano et al), 201 
simple method of cold coronary perfusion (Laks et 
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esophagopleural fistula following pulmonary re- 
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Reflections on and evolution in thoracic surgery (Na-, 
jafi), EDITORIAL, 181 
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agogastric junction (Orringer and Sloan), 16 
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intraoperative posterior left ventricular wall rup- 
ture associated with mitral valve replacement 
(Wolpowitz et al), 551 
posterior ventricular aneurysm, severe mitral re- 
gurgitation, and rupture of left ventricle after 
acute myocardial infarction (West et al), CASE 
REPORT, 236 
postinfarction cardiac rupture (Kendall and De- 
Wood), 311 
ruptures and perforations of esophagus (Lyons et 
al), 346 


Shock 
preservation of myocardial contractility in hemor- 
rhagic shock with methylprednisolone (Merin 
et al), 536 
Shunt 
Blalock-Taussig shunt in neonate (Laks et al), 220 
Sinus venosus atrial septal defect. See Congenital 
heart disease 
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Small cell carcinoma. See Tumors 
Society of Thoracic Surgeons, The 
membership roster, 275 
notices, 208, 406, 535 
officers, 273 
Southern Thoracic Surgical Association 
membership roster, 84 
notices, 11, 56, 116, 224, 335, 412, 509 
Spirometer 
comparative study of IPPB, incentive spirometer, 
and blow bottles, prevention of atelectasis fol- 
| lowing cardiac surgery (Iverson et al), 197 
Standards 
consultative peer review (Roe and Gerard), EDITO- 
RIAL, 3 
reflections on and evolution in thoracic surgery 
(Najafi), EDITORIAL, 181 
Stenosis 
restenosis of mitral valve (John et al), 316 
Sternum 
thoracic traction for median sternotomy dehis- 
cence (Bowen et al), How TO Do IT, 148 
"String, retrograde esophageal dilation in children 
without (Saleh), How To Do IT, 568 
Strut fracture 
insidious strut fractures in DeBakey-Surgitool aor- 
tic valve prosthesis (Scott et al), CASE REPORT, 
382 
Subarachnoid 
traumatic subarachnoid-pleural fistula (DePinto et 
a al), CASE REPORT, 477 
Susjained-release implants of chemical carcinogens 
in canine tracheobronchial tree (Matsumura et 
' al), 112 
Suture technique, modified continuous, for mitral 
valve replacement (Pluth and Curtis), How TO 
DO IT, 459 
Sympathectomy, cardiac. See Heart 


Taussig-Bing malformation. See Congenital heart 
disease 
Teratoma. See Tumors 
Tetralogy of Fallot. See Congenital heart disease 
Thoracic surgery 
reflections on and evolution in thoracic surgery 
(Najafi), EDITORIAL, 181 
Thorax 
chest dimensions in young adults with spontane- 
ous pneumothorax (Peters et al), 193 
use of chest wall muscle flaps to close broncho- 
pleural fistulas (Hankins et al), 491 
Thymus 
tumors of thymus and thymic region: II, 
clinicopathological studies on Hodgkin's dis- 
ease of thymus (Bergh et al), 99 
tumors of thymus and thymic region: III, 
clinicopathological studies on teratomas and 
` tumors of germ cell type (Bergh et al), 107 
tumors of thymus and thymic region: I, clini- 
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copathological studies on thymomas (Bergh 
et al), 91 
Topical cardiac hypothermia, effect of methylpred- 
nisolone sodium succinate (Barner et al), 526 
Total anomalous pulmonary venous connection. See 
Congenital heart disease 
Trachea 
sustained-release implants of chemical carcinogens 
in canine tracheobronchial tree (Matsumura et 
al), 112 
tracheal compression by aortic arch following right 
pneumonectomy in infancy (Szarnicki et al), 
CASE REPORT, 231 
Traction, thoracic, for median sternotomy dehiscence 
(Bowen et al), How TO Do IT, 148 
Transposition of great arteries. See Congenital heart 
disease 
Trauma 
analysis of factors leading to posttraumatic pulmo- 
nary insufficiency (Fulton et al), 500 
Triple valve replacement, late results (Macmanus et 
al), 402 
Trousers-shaped baffle for use in Mustard operation 
(Quaegebeur and Brom), HOW To Do IT, 240 
Tumors 
importance of mediastinal lymph node invasion by 
pulmonary carcinoma in selection of patients 
for resection (Smith), 5 
management of malignant esophagorespiratory fis- 
tula (Lolley et al), 516 
reappraisal of solitary bronchiolar (alveolar cell) 
carcinoma of lung (Munnell et al), 289 
"total" therapy for small cell carcinoma of lung 
(Johnson et al), 510 
tumors of thymus and thymic region: Il, 
clinicopathological studies on Hodgkin's dis- 
ease of thymus (Bergh et al), 99 
tumors of thymus and thymic region: III, 
clinicopathological studies on teratomas and 
tumors of germ cell type (Bergh et al), 107 
tumors of thymus and thymic region: I, clini- 
copathological studies on thymomas (Bergh 
et al), 91 


Veins. See Blood vessels, veins 

Vena cava. See Blood vessels, veins 

Ventricle. See Heart, ventricle 

Ventricular septal defect. See Congenital heart dis- 
ease 


Waterston anastomosis. See Congenital heart disease 
Whipple's disease 

aortic insufficiency requiring valve replacement in 

Whipple's disease (Wright et al), CASE REPORT, 


Window, aortopulmonary 
aortopulmonary window, new operative approach 
(Johansson et al), HOW TO DO IT, 564 
Women, myocardial revascularization in (Tyras et 
al), 449 
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data analysis to be used in submitted manuscripts. 
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\ CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7173 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 





Cardiothoracic and vascular surgeon, 37, university 
trained, ABS certified, ABTS eligible, completing fellow- 
ship at Texas Heart Institute, Houston, seeks group asso- 
ciation or partnership in South or Southwest, preferably 
Arizona, New Mexico, or Texas. 


Please*respond to W-76, The Annals of Thoracic Surgery, 
C-7143 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 31, married, one 
child, ABS certified, ABTS eligible, seeks association in 
group or partnership with academic appointment. Graduate 
of eastern medical school, cum laude, presently completing 
1-year fellowship in pediatric cardiovascular surgery. Pre- 
fers Detroit, MI, but open to all offers. Willing to do some 
general surgery. Available August 1978. 


Please respond to W-101, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 38, Board certified, 
university trained, seeks association in group practice or 
partnership. Broad experience in all aspects of cardiac, vas- 
cular, and thoracic surgery in private and academic settings 
for more than 7 years. 


Please respond to W-102, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiac and thoracic surgeon, ABS and ABTS certified, well 
trained and experienced, wishes to relocate in southern 
California in solo, group practice, or partnership. In Cali- 
fornia private practice for past 5 years. 


Please respond to W-103, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 32, ABS certified, 
ABTS eligible, seeks position with cardiothoracic group, 
leading to partnership. Locale flexible. Available April 
1978. 


Please respond to W-104, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


qj A-26 





Thoracic and cardiovascular surgeon, 32, completing resi- 
dency in June 1978, desires position in thoracic and car- 
diovascular surgery. ABS certified, FRCS(C). 


Please respond to W-105, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Established cardiovascular and thoracic surgeon, 45, mar- 
ried, university trained, ABS and ABTS certified, desires 
relocation to South, Southeast, Southwest, or West. Exten- 
sive experience in adult cardiac, vascular, and thoracic 
surgery. Available immediately. 


Please respond to W-106, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular anesthesiologist, trained at Stanford Uni- 
versity, with particular interest in cardiac postoperative in- 
tensive care, seeks position. Available July 1978. 


Please respond to W-107, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 31, university 
trained, ABS certified, ABTS eligible, wishes to join a group 
or obtain academic position. Available immediately. 


Please respond to W-108, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 37, married, univer- 
sity trained, ABS and ABTS certified, seeks association with 
group or surgeon actively doing cardiac surgery. Com- 
prehensive experience in adult and pediatric cardiac sur- 
gery and thoracic and vascular surgery. Location flexible. 


Please respond to W-109, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, university trained, ABS and ABTS 
certified, wishes to relocate. Additional training in pediat- 
ric cardiac surgery (Boston Children's Hospital), 2 years as 
active member of affiliated training program in thoracic and 
cardiovascular surgery, experienced in noninvasive periph- 
eral vascular studies. No geographic preference. Available 
August 1978. 


Please respond to W-110, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 37, Board certified, 
university trained, seeks academic position or association 
in group practice. Broad experience in adult cardiac, 
thoracic, and vascular surgery in academic setting. Research 
and teaching opportunity preferred. 


Please respond to W-111, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, ABS certified, univer- 
sity trained, just completing year of cardiovascular surgery 
fellowship, seeks position in hospital or cardiovascular sur- 
gery group leading to partnership. No geographic prefer- 
ence. Available July 1978. 


Please respond to W-112, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 32, ABS certified, ABTS eligible, 
completed training at large university center in December 
1977. Well trained in all aspects of adult and pediatric car- 
diac and thoracic surgery. Available immediately, no geo- 
graphic preference. 


Please respond to Salem M. Habal, M.D., Department of 
Surgery, PH 12-126, Columbia-Presbyterian Medical Cen- 
ter, 662 W 168th St, New York, NY 10032; tel: (212) 694- 
2633. 





Thoracic and cardiovascular surgeon, 44, wishes to relocate 
in group or hospital practice. Excellent training, 10 years 
experience, ABS and ABTS certified, FACS, FLEX in Texas, 
Spanish, English speaking. Broad experience in cardiac and 
thoracic surgery, pacemakers, fiberoptic, peripheral vascu- 
lar, and angio access. Available immediately. 


Please respond to W-114, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 33, university trained 
with broad experience in thoracic and cardiac surgery. 
Available July 1978. 


Please respond to W-115, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 35, ABS and ABTS certified, seeks 
group association or academic position on East coast. Pres- 
ently on medical school faculty. 


Please respond to W-116, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





ABS-certified thoracic and cardiovascular surgery resident 
finishing training at University of California, Irvine, seeks 
association/partnership with active cardiothoracic group or 
academic appointment. Available July 1978. 


Please respond to W-117, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 35, ABS certified, 
ABTS Boards taken March 1978, wishes to relocate. Univer- 
sity trained in adult and pediatric fields, one year in private 
practice. Available July 1978. 


Please respond to W-118, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon seeks practice oppor- 
tunity. Extensive training and practical experience from 
cardiovascular research and surgical fellowships at univer- 
sity centers. Experience in congenital and adult cardiac sur- 
gery and thoracic and peripheral vascular surgery. Presently 
available. 


Please respond to W-119, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 





Cardiac and thoracic surgeon in southern California seeks 
associate to handle increasing case load. Active adult and 
pediatric cardiac surgical service. 


Please respond to A-59, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





A-27 


Á 
Cardiothoracic surgery residency available. Unexpected va- 
cancy for July 1, 1978, in Board-approved, 2-year program at 
major midwestern university center with affiliated VA and 
county hospitals. Active adult and pediatric cardiac, pul- 
monary, and esophageal surgical services. 


Please respond to A-60, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgery fellowship in univer- 
sity training program. Full spectrum of thoracic surgery 
well represented, including esophageal and pediatric car- 
diac surgery. 


Please respond to Edward F. Parker, M.D., Division of 
Thoracic Surgery, Medical University of South Carolina, 
171 Ashley Ave, Charleston, SC 29403. 





Department of Surgery, UCLA School of Medicine seeks 
qualified thoracic and cardiac surgeon to head division at 
new affiliated teaching hospital under construction. 


Board-certified surgeons with strong academic interest 
should send curriculum vitae and names and addresses of 
three references to George J. Wittenstein, M.D., Olive View 
Medical Center, 7515 Van Nuys Blvd, Suite 302, South 
Tower, Van Nuys, CA 91405. An equal opportunity/ 
affirmative action employer. 


Residency in pediatric cardiac surgery available July 1, 
1978, at pediatric teaching hospital. Two years of cardiac 
surgical residency required. 


Send curriculum vitae and two references to R. K. Balsara, 
M.D., St. Christopher's Hospital for Children, 2600 N 
Lawrence, Philadelphia, PA 19133; tel: (215)427-5108. 





Youve already earned 
your patient's confidence. 


Wed like to earn yours. 
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Your confidence in Intermedics is 
as important to us as your patient's 
confidence is to you. That's why 
we want you to know about the 
InterLith™, chosen around the 
world as one of the most reliable 
pacemakers available. 

Intermedics supports the out- 
standing reliability of the InterLith, 
and will allow a replacement 
on model 223 generators * which 
fail for any reason during the life- 
time of the original user. 

Extensive use has confirmed 
its outstanding performance and 
reliability, resulting in an annual 
failure rate of only .003 at the 90% 
confidence level with no reported 
failures of its lithium power source. 

In addition to its proven reliabil- 
ity, the InterLith has significant fea- 
tures which make it an especially 
fine choice as a replacement 
pacemaker, such as a "universal" 
connector that readily accepts 
most leads without an adapter. 
So when your patient needs a 
pacemaker, for whatever reason, 
consider the InterLith model 223, 
a pacemaker with which you can 
feel confident. 


Confidence begins with 
extraordinary design features. 
A tungsten inert gas (TIG) welding 
technique is used to hermetically 
seal the InterLith in a 316L stain- 
less steel enclosure that prevents 
moisture leakage. A specially de- 
signed polycrystalline ceramic 
feedthrough seal, utilizing a 
99.9996 pure platinum conductor, 
makes the electrical connection to 
the pulse generator. The high col- 
lar design of the feedthrough 
minimizes fluid leakage in the 
harsh environment of the human 
body. 


*The patient lifetime replacement agreement is lim- 
ited to the standard mode! 223 pulse generator 
and does not include the 223-02 (High-Output) 
pulse generator. Consult the physician's handbook 
for these “special” pacemakers for their specific 
patient replacement agreements. 





The InterLith is one of the small- 
est, lightest pacemakers on the 
market. Its corners are gently be- 
veled, much as the contours of the 
patient's own body, minimizing the 
risk of pressure necrosis. The uni- 
polar model weighs only 75 grams 
and measures 6.0 cm by 4.6 cm 
by 1.5 cm, enabling a smaller 
incision and a more cosmetic 


pocket for greatest patient comfort. 


The InterLith pacemaker 
provides the physician with an 
ideal choice for many pacing 
situations. 


Confidence increases with 
superior performance. 

The InterLith's annual failure rate of 
less than .003 (at 9096 confidence 
level) is largely attributable to the 
outstanding longevity of its lithium 
power cell, a battery without a 
single failure reported in 150,000 
battery units manufactured. Com- 
bined with the proven reliability of 
c-mos circuitry, the InterLith pro- 
vides superior performance at the 
lowest possible power consump- 
tion. This design represents 
sophisticated state-of-the-art 
technology in pacemaker elec- 
tronics and gives the InterLith an 
outstanding theoretical longevity. 


Quality control ensures 
confidence. 

Every component utilized in the 
InterLith is selected and tested to 
meet the same standards as in the 
most exacting aerospace and mili- 
tary applications. Every step of the 
manufacturing process at Inter- 
medics is subject to rigid quality 
assurance procedures in our 
complete environmental testing 





laboratory, because at Inter- 
medics we believe only the high- 
est quality products can merit your 
confidence. Some of the high re- 
liability screening steps that our 
pacemakers receive in manufac- 
turing are: 

1. Twenty-four hour dynamic 
temperature cycling from —30° to 
-80* C. 

2. Vibration testing at .1" dis- 
placement and 10 g's from 20 HZ 
to 2 KHZ. 

3. Strip chart rate recording from 
room temperature to 60°C. 

4. Hermetic seal testing to 4 x 
10 8 atm. cc/sec. 





The InterLith is designed and built 
for the confidence of you and your 
patients. 

So, the next time one of your pa- 
tients requires pacingdherapy why 
not select the InterLith. Where relia: 
bility counts, there's no better 
choice. s 
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of Intermedics, Inc., Freeport, Texas. 
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Intermedics Pulse 
Generators 


INDICATIONS FOR USE Pacemakers may be used in any applica- 
tion where asynchronous or demand ventricular pacing is indicated. 
These include congenital or acquired complete heart block which 
may be continuous or intermittent in nature, various types of sinus 
node dysfunction, WPW syndrome, carotid sinus hypersensitivity, 
drug induced bradycardia, and various ventricular arrhythmias. 

The above list is not intended to be complete. The indications for 
pacing are increasing as the devices become more sophisticated 
and as methods for patient management become more widely 
understood. 


PRECAUTIONS Implanted cardiac pacemakers have a finite service 
life and a relatively wide variability in service life. Factors affecting 
service life include the initial capacity of the battery and the shelf 
Storage time of the manufactured pulse generator. Once implanted 
the anticipated service life of the generator is modified by variations 
in electrode system resistances, stimulation rate, and the percentage 
of time during which the pacemaker is inhibited. The current drain on 
the battery when inhibited is less than one-third of that when pacing 
with atypical lead installation. Other factors contributing to wide vari- 
ability in service life are random electronic component failures. 

All sensing pulse generators are inherently susceptible to magne- 
tic electrical and electromagnetic fields. While design features are 
incorporated to minimize this susceptibility, an extraneous signal of 
sufficient strength and with characteristics which mimic normal 
cardiac activity can influence their operation. Additionally, certain 
environmental sources can couple sufficient energy into a cardiac 
pacemaker system to damage the pulse generator. Specifically, the 
implanting physician and the patient should be warned about the 
following: 

(1) Ele&trocautery-Surgical use of electrocautery may cause tem- 
porary inhibition of the pulse generator. Additionally, pulse generator 
damage is possible if sufficient energy is coupled into it. Use of elec- 
trocautery within 4-5 centimeters of the implanted pacemaker can 
cause a direct coupling of RF energy through the lead and electrode 
tothe cardiac muscle, producing burns or possible ventricular 
fibrillation. 

Continuous monitoring of blood pressure and pulse should be 
instituted in all procedures where the use of electrocautery is con- 
templated. The ground plate of the electrocautery system should be 
placed ina manner to minimize current flow through the pacing sys- 
tem. A specific example is a TUR; during this procedure, the ground 
plate should®e placed low on the buttocks or strapped to the thigh. 
(2) Diathermy—A pacemaker patient should not receive this form of 
therapy. Very intense fields of microwave energy are involved and 
reactions of all sensing pulse generators are unpredictable. Total or 
virtually complete inhibition of the pacing circuitry is possible; how- 
ever, no damage will result to the circuitry during the exposure. 

(3) Microwave Ovens-Ovens, both in the home and in commercial 
use, in good condition and used as intended, or any microwave 
appliance which does not exceed federal guidelines of 0.5 milli- 
Dem leakage at a point 2.5cm. fromthe appliance will not af- 

fect Intermedics pulse generators. However, appliances have been 
discovered which emit radiation in excess of 200 times these 
guidelines. The possibility of interference from such defective 
appliances does exist. The pulse generator will not be damaged 

by such exposure. 

(4) Defibrillation—All implanted unipolar pulse generators regardless 
of manufacturer, can be damaged by cardiac defibrillation. 
Additionally, the presence of an implanted pacemaker system can 
ncrease the amount of cardiac muscle damage which results from 
defibrillation. 

(9) Home Electrical and Gasoline Powered Appliances- Certain 
electrical and gasoline powered appliances can cause inhibition of 
an implanted cardiac pacemaker system. Pacemaker patients 
should be warned about the possibilities of pulse generator inhibition 
from some electric razors, most notably the rotary types, hand-held 
electric drills, power saws, and other appliances containing brush 
motors. 

CONTRAINDICATIONS AND SIDE EFFECTS There are no known 
zontraindications to the use of pacemakers as a medical method for 
zontrol of heart rate. The patient diagnosis and prognosis may indi- 
zate the type of pacemaker therapy used by the physician. 

Body rejection phenomenon, local tissue reaction or skin necrosis, 
muscle and nerve stimulation, embolism and cardiac tamponade 
have been reported from the use of implanted cardiac pacemakers. 


7. Intermedics lnc. 


P.O. Box 617 Freeport, Texas 77541 
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pace Age Microbicidal Powe 


For optimal preoperative skin degerming —BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis—BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 
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